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BACKGROUND: 
Human identification is of paramount importance and it is indeed 
challenging considering the fact that every individual has distinct traits. Although 
DNA comparisons, dental records and finger print analysis are common techniques 
employed to ensure fast and secure identification, there are certain crime and mass 
disaster scenarios where other supplemental aids become essential. Some times 
odontometric methods are preferred. The finger print and palatal rugae are broadly 
used because of its feasibility and accuracy, which are matters of relevance for 
practical usefulness. 
AIMS AND OBJECTIVES: 
1. To determine the correlation of the pattern of lip print ,rugae and finger print 
in males and females 
2. To analyze the rugae pattern and its correlation with arch shape and inter 
canine width 
3. To analyze the predominant relative pattern of lip prints, finger prints, and 
rugae in males and females. 
MATERIALS AND METHODS: 
In this study a sample of 800 individuals (404 males and 396 females) of age 
group 18-30 years were selected from Sree Mookambika Institute of Dental 
sciences, Kulasekharam. Lip prints, finger prints and rugae pattern were collected 
from each individual. Analysis of lip print was done based on classification of 
Suzuki and Tsuchihashi. The analysis of finger print was done based on 
classification of Michael & kucken. The rugae were classified using Thomas and 
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Kotze. Intercanine width was measured by using digital vernier caliper. Arch form 
were analyzed by Chuck classification. 
RESULTS: 
The correlation of rugae pattern, lip prints and finger prints by were showed 
no statistical significance in both males and females. Also intercanine width and 
arch form in the determination of rugae pattern did not show any significance in 
both males and females. The results are correlated well with other studies. 
CONCLUSION: 
In our study, negative correlation was observed between lip print, finger 
print and rugae pattern. Therefore it was concluded that no pattern among these 
three parameters will predict other two patterns in human identification. Likewise, 
change in arch form and intercanine width do not show any change in rugae pattern. 
Hence, palatal rugae pattern can be used as stable marker for personal identification. 
KEY WORDS: 
Arch form, finger print, intercanine width, lip print, rugae pattern.  
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INTRODUCTION
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Human identification play an important role in forensic investigation .It is 
indeed challenging considering the fact that every individual has their own unique 
character. This requires a combination of different procedures to individualize a 
person or object. Identity is a set of physical characteristics, functional or psychic, 
normal or pathological that define an individual.1There are many techniques 
available for personal identification. They are DNA comparisons, finger print 
analysis, lip print analysis, palatal rugae pattern and bite mark analysis, dental 
records, anteroposterior metric data, retinal scan, age, race, sex, stature etc. Among 
which DNA comparisons and finger print analysis are commonly used technique. 
Meanwhile other supportive evidenceslike tattoos piercings, associated clothing, 
eyewitness, documents and belongings also become inevitable because personal 
identification involves a combination of different techniques for identifying a person 
or object.2 
Forensic dentistry is a specialized branch of forensic medicine and may be 
described as that part of odontology which deals with handling and examination of 
dental evidence from which a proper evaluation &presentation of dental findings can 
be made. In the world, No two person look alike and each are unique and this 
concept of uniqueness is utilized in human identification procedures.3Gender 
discrimination is the important aspect of personal identification procedures that aid 
in the establishment of biological profile from the skeletal &dental remains.4 
Labial mucosa shows wrinkles and grooves and is called sulci labiorium. it 
forms a specific pattern called lip print, the study of lip print is known as 
cheiloscopy.5 Finger shows epidermal ridges on distal portion of finger and 
impression of epidermal ridges is called finger print, the study of finger print is 
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known as dactyloscopy.6 Likewise palate shows surface elevations &depression and 
is called rugae pattern, study of rugae pattern is called as rugoscopy or palatoscopy. 
Rugae are not damaged from trauma due to their internal position in the oral cavity 
and are insulated from heat by tongue and buccal fat pads.7 In one study, it was 
reported that no two palates are alike in their configuration and that the palatal print 
did not change.8 In identical twins also, the studies indicated that the patterns may be 
similar but not identical. Events contributing to changes in Rugae pattern.9,10
• Finger sucking in childhood  
• Persistent pressure due to orthodontic treatment  
• Local effect on lateral rugae after tooth extraction(mainly effects the lateral 
part of rugae) 
• Changes in the lateral edge of the rugae with orthodontic tooth movement. 
Odentometric parameters show ethnic, racial and to some extent 
geographical variations and they are least vulnerable to sudden accidental changes 
and help in collecting appropriate dental evidence. Teeth unlike soft tissue remains 
throughout the life and even after death.11,12 
The study of permanent Maxillary Canine teeth offers certain advantages. 
These teeth are less affected by periodontal diseases and are also less exposed to 
plaque. Moreover, they are less prone to calculus and abrasion from brushing. Over 
and above, maxillary canines are the last to be extracted with respect to age.13 After 
numerous investigations, there is small agreement as to the best size and shape  for 
ideal arch form. For more than 100 years, researchers have been trying to define 
ideal arch form, By the concept that dental arch is symmetric in nature and can be 
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represented by an geometric formula.14Chuck was first to classify arch forms as 
tapered, square and ovoid. 
Lip prints are unique to an individual and are applicable mostly in 
identifying the living. Since lip prints are usually left at crime scenes they can 
provide direct link to the suspect. Lip prints can be recorded and used as evidence in 
nabbing suspects in crime scene.3 Finger print is a known method for gender 
determination and personal identification. Finger print can be taken even from a 
decomposed body either from the peeled off epidermis of the finger or from the 
dermis when epidermis is lost.15 Even when most of anatomical structures are 
destroyed, burnt, or dehydrated, the palate remains intact and thus helps in personal 
identification based on the rugae pattern. The palatal pattern is characteristic of 
every individual and does not change as a result of growth. The relationship between 
intercanine distance and the lateral dimension of palatal rugae remained consistent 
pre and post orthodontic treatment. This could be because the intercanine width is 
maintained in most of the treatment modality and rugae is stable.16
In this study, we analyzed the predominant pattern and correlation of the 
pattern of lip print, rugae and finger print in males and females. Also we analyzed 
the rugae pattern and its correlation with arch shape and inter canine width. Thereby, 
a correlation if present among these various parameters of personnel identification 
will help in the human identification, especially in case of mass disasters and crime 
scenes where often complete human remains are not found and identification is 
based on remnant tissue.
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1. To determine the correlation of the pattern of lip print, rugae and finger 
print in males and females. 
2. To analyze the rugae pattern and its correlation with arch shape and inter 
canine width. 
 To analyze the predominant relative pattern of lip prints, finger prints and 
rugae.
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 PALATAL RUGAE 
Palatal rugae are also called as ‘plicapalatinae transversae’ and ‘rugae 
palatine’ which refer to the epithelial ridges on the anterior part of palatal mucosa, 
present on each side of the median palatal raphae and behind the incisive papilla. 
They also known as transverse palatine folds, refers to the irregular elevations of the 
mucosa seen on the anterior third of the palate. This projection runs in a transverse 
direction from the palatine raphae located on the mid-sagital plane. These rugae 
have significant characteristic features and they are unique patterns in each 
individual and remain stable from the time of the development until death.18,19,20 
Anatomically, the rugae consist of around 37 ridge and oblique ridges that 
radiate out tangentially from the incisive papillae. Winslow was the first person to 
describe rugae. The study of palatal rugae is called as rugoscopy and it is applied in 
the fields of dentistry like forensic odontology, prosthodontics and 
orthodontics.18,20,21  
DEVELOPMENT: 
The palatal rugae appear towards the third month of intrauterine life, from 
the covering connective tissue in the palatine process of maxillary bone. Its 
development and growth are mutually controlled by epithelial-mesenchymal 
interactions, where specific extracellular matrix molecules are expressed during 
development.9,22  
The first rugae can be distinguished in human embryos of 32mm next to the 
incisive papilla. Then, in the prenatal stage they are relatively prominent. The palatal 
rugae are well organized at birth with a typical orientation and pattern. During 
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adolescence they acquire the final shape in each individual. Once they are formed 
they may experience changes in their size due to growth of the palate, but its shape 
is maintained even after the growth was completed.9,23  
At the 550 mm stage of embryonic development, there are five to seven 
rather symmetrically disposed ridges, with the anterior ones beginning at the raphe, 
the others more laterally, towards the end of intra-uterine life the pattern of the rugae 
becomes less regular, posterior one disappearing and those anterior become 
considerably more pronounced and compressed.24 According to Carrea(1937) the 
rugae pattern is formed by the 12th to 14th week of prenatal life, and it remains stable 
throughout the person’s life.25,26 
PHYSIOLOGY 
Physiologically the palatal rugae are involved in the oral phase of 
swallowing and help to improve the relationship between food and taste receptors in 
the dorsal surface of the tongue. It also have a significant role in speech and in the 
suckling in children.9,23,26 
The number of rugae on each side of the palate varies between 3-5 and the 
rugaedonot extend to the posterior palatal half of the hard palate. They never cross 
the midline. The anterior rugae usually are more prominent than the posterior rugae. 
Most of the rugae are curved and rest are angular and the last rugae has the higher 
probality of division where medial and lateral parts are not connected and donot 
continue in their axial orientation. Fragmentary rugae frequently are present, 
particularly in the posterior half of the rugae territory. The shape, length, width, 
prominence, number and orientation of palatine rugae vary considerably among 
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


    

people. Variation exists in a lesser extent in the left and right sides of same person. 
The inclination of the rugae to the sagittal plane also shows marked differences on 
both sides. Bilateral symmetry also exists in the rugae pattern.22 
VARIOUS APLICATIONS OF PALATAL RUGAE
In orthodontics: 
Palatal rugae is being used in orthodontics as a suitable soft tissue reference 
points. It does not change in the adult hood after the complete eruption of teeth and 
no significant alteration in length occurs. They serve as a suitable reference points 
from which the clinician can derive the reference planes necessary for longitudinal 
cast analysis. Positional changes of posterior teeth in the antero-posterior direction 
are relavant to the diagnosis and correction of sagittal occlusal abnormalities and 
arch length discrepancies. The maximum mean change in distance between the 
rugae in the antero-posterior plane was0.41mm.27,28 The palatine rugae can be used 
as reference points for measuring tooth movement in a manner comparable with 
cephalometric superimpositions.27 
Palatine rugae in speech and palatal prostheses: 
In prosthesis, when there is a changed relationship of the tongue to a palate, 
the speech is altered. Speech may require surface texture to orient the tongue. The 
palatine rugae often can serve as a cue for pronunciation of certain letters like S, Sh 
which requires contact of tongue to the palatal rugae.  Palatography served as a basis 
for determining the shape of the anterior palatal vault to determine the contact 
position of the tongue to the palate for specific sounds. The re-creation of the palatal 
rugae does not completely eliminate the speech problems.24,27,29 
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Palatal rugae in cleft palate: 
The early detection of the sub mucosal cleft-palate is necessary in children as 
the diagnosis depends on the patient’s clinical history and intra oral examination. 
Rugae are used to measure the distances on the cleft palate from the period of birth 
to the time of early mixed dentition period. These distance of the cleft are measured 
by using fixed reference points of the palatal rugae to estimate the changes that 
occurred in the anterior palate during various changes of orthodontic therapy and 
growth.27 
APPLICATION OF RUGAE PATTERN IN FORENSIC ODONTOLOGY
Rugae patterns contribute reliable details to forensic odontology in 
identification of the deceased. Even in extreme cases of trauma or incineration the 
rugae remains protected due to its anatomical position. Rugae are well protected 
from heat as the lips, tongue and buccal fat pads act as insulators and remain 
undisturbed. Palatoscopy or rugoscopy is the name given to the study of palatal 
rugae in order to establish a person’s identity.28 
Rugae changes throughout early childhood and adolescence. Changes that 
occur in rugae are related only to their length which helps to compare the ante-
mortem data to the postmortem data.29 
The rugae have been successfully identified in severely burnt edentulous 
body and by comparing the pattern on the victim’s old denture, this indicates that 
rugae are stable in adult life. Thus, palatal rugae appear to possess the features of an 
ideal forensic identification parameter due to its uniqueness, postmortem resistance 
and stability.30 
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Palatoscopy used in necro-identification holds good enough due to its 
resistance to decomposition up to 7 days. Therefore anatomical structures such as 
palatal rugae may assume more importance in future.21 
History: 
Rugae were first described by Winslow in 1732. The earliest illustration of 
palatal rugae was probably by Santorini in 1775, wherein he put drawing depicting 3 
wavy lines crossing the midline of palate.27,29 The application of palatal rugae 
patterns for personal identification was first suggested by Allen in 1889.31 The first 
palatal system classification system was put forth by Goria in 1911 in two days: by 
specifying the number of rugae and specifying the extent of the rugal zone relative 
to the teeth. Palatal rugoscopy was first proposed in 1932, by a Spanish investigator 
named Trobo Hermosa. In 1937, Carrea conducted a detailed study and established a 
method to classify palatal rugae.24,27
In 1955, Lysell suggested that the palatine rugae might possess unique 
characteristics that could be used in pattern identification. In 1983, Brinon, 
following the studies of carrea, divided palatal rugae in to two groups (fundamental 
and specific) in a similar way to that done with fingerprints.22,25 
Sassouni (1957) stated that it is possible to devise a classification based on 
the symmentry, number and shape of papillae. When Sassouni(1957) tested the 
classification, he was able to identify a person without difficulty. The palatal rugae 
can be used in same way as fingerprints; however, as the rugae are composed only 
of soft tissue, they are not present in skeletons and stated that no palatal rugae are 
alike in their configuration and does not change during growth.32 
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CLASSIFICATION: 
1. Lysell classification (1955):
26 
Palatal rugae were classified depending on its length 
• Primary : 5mm or more 
• Secondary: 3-5mm 
• Fragmentary: 2-3mm 
• Rugae smaller than 2mm are disregarded  
2. By Kapali et al (1997):
33,34 
    Based on shape of palatal rugae 
• Curved  
• Wavy 
• Straight 
• Circular  
    Modification of Kapali’s classification 
• Converging  
• Curved  
• Wavy  
• Straight  
• Circular  
• Furcated  
3. Thomas and Kotze Classification (1983):27(most accepted classification) 
     According to the shape of palatal rugae, palatal rugae classified in to- 
• Straight: run directly from their origin to termination in a straight line  
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• Curved: simple crescent shape which curved gently. Evidence of even 
the slightest bend at the termination or origin of a rugae lead to a 
classification as curved.  
• Wavy: the basic shape of the rugae was serpentine; however if there 
was a slight curve at the origin or termination of curved rugae it was 
classified as wavy.  
• Circular type to be classified as circular, a rugae needed to display a 
definite continuous ring formation. 
• Unification type occurs when two rugae are joined at their origin or 
termination. Unification in which two rugae began from the same origin 
but immediately diverged were classified as diverging and which 
converged were classified as converging. 
SOME STUDIES ON PALATAL RUGAE: 
Kapali S, Townsend G, Richards T. (1997) did a longitudinal study on serial 
dental casts of ten Aborigines, from 6-20 years. They examined rugae patterns and 
compared it between different ethnic groups of 100 dental casts of Australian 
Aborigines and 200 casts of Caucasians, ranging in age from 13 to 17 years and 
observed features like number, length, shape, direction and unification of rugae. 
According to their study the most common shapes in both ethnic groups were wavy 
and curved forms, whereas straight and circular types were least common. There 
was a statistically significant association between rugae forms and ethnicity, straight 
forms being more common in Caucasians whereas wavy forms were common in 
Aborigines.33 
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Fahmi F, AL-shamrani SM, Talic YF. (2001) did a study to identify and 
compare the rugae pattern in Saudi males and females from 120 samples using 
Thomas Kotze et al classification. They identified that female had a significant 
difference in the converge type while the male had a significant difference in the 
circular type and suggested rugae can be used as an adjuvant tool in determination of 
sex in Saudi population.35 
Hermosilla VV, San Pedro VJ, Cantin IM, Sauzo GIC. (2009) analysed 120 
subjects of the both sexes, between 15 to 20 years old and fully dentated, using 
rugoscopy to determine the shape, size, number and position of the palatal rugae. 
They stated that most prevalent palatal rugae shape was sinuous (43%) followed by 
curve (27%), line (15%), point (11%) and polymorphic varieties (4%). The average 
number of rugae was 12.27, being higher in male than female. They concluded that 
the analysis of the palatal rugae and their features can be used as a reliable guide to 
the forensic identification.9 
For identifying the predominant pattern of rugae in Indian population from 
Madhya Pradesh and kerala groups, a study was conducted by AparnaPaliwal et al 
(2010) using 60 maxillary cast with an age group 17-23 years in both sexes. The 
results showed that straight rugae pattern on the right side of the palate were more in 
the male subjects and found to be significantly predominant in the Madhya Pradesh 
population, whereas wavy shape was predominant in keralapeople; however, rugae 
pattern on the right side of the palate in female subjects exhibited no significant 
difference.36
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Kamala R, Gupta N, Bansal A, Sinha A. in 2011 did a study where they 
randomly selected sample group of 1000 subjects comprising 500 males and 500 
females of age from 3 to 51 years. They clearly demonstrated that palate do not 
undergo any changes except in length due to normal growth, remaining in the same 
position throughout a person’s entire life. Thus, palatal rugae appear to possess the 
features of an ideal forensic identification parameter.37 
Bharat ST, Kumar GR, Dhanapal R, Saraswathi TR. in 2011 studied the 
differences of palatal rugae patterns in males and females by a cross sectional study 
in a hospital based coastal Andhra population. 100 preorthodontic model cast were 
studied and Thomas classification was adopted for analysis. Discriminant analysis 
showed 78% accuracy with actual data.18 
Gandikota C, Venkata TP, Challa P, Juvadi SR, Mathur A.  in 2012 did a study 
to use palatal rugae as an aid to classify malocclusion in untreated class II div I 
malocclusion in comparison to normal class I occlusions. They observed that there was 
a significant constriction of the palatal rugae in class II div I than the class I individuals 
and that there was a distinct pattern of palatal rugae between the two groups.38 
Manjunath S, BakannavarSM, Pradeep Kumar G, Vrinda J, Prabhu N, 
Kamath A. et al (2012) did a study to analyses the differences in the rugae pattern 
among the Indian males and females in a small portion of a population with 63 
subjects of which 32 were males and 31 were females of age group from 17-25 
years. They found that the females had more number of rugae in the right side and 
showed increased in number of curved and straight shapes rugae pattern than 
males.39 
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Shanmugam S, Anuthama K, Shaikh H, Murali K, Suresan V, Nisharudeen 
K. et al (2013) suggested that palatal rugaen can be used to differentiate the 
population among the north Indians and south Indians. They did a study using 940 
individuals of 18-23 years of age. They observed that the wavy and curved are 
common in both groups. On applying chi square test evaluation found that 
classification had accuracy of 87.8%.40 
Rajan VP, John JB, Stalin A, Priya G, Abuthagir A (2013) did a study to 
assess the morphology of the rugae pattern in 5-15 years old children with gender 
dimorphism. He observed that there was an increased female prediction in the total 
count and primary rugae pattern. On comparing the shapes of rugae in male and 
female, the study models showed a predominance of wavy shape followed by 
curved. Circular pattern was not seen in the study population. There was significant 
statistical difference in the direction and unification of rugae among males and 
females were reported.41 
Bajracharya D, Vaidya A, Thapa S, Shrestha S (2013) conducted a study on 
200 Nepalese (100 male and 100 female) to determine the number and pattern of 
palatal rugae. They observed that the number of primary rugae did not show any 
statistical significant difference between the gender groups while a wavy pattern was 
predominant followed by curved, straight, branched and circular in their 
population.20 
Madhusudan K, Rajesh N, Umesh K, Sangeetha R, Patel H, Patel R (2014) 
did a study on palatal rugae pattern its association with lineage by using 30 families. 
They observed that out of 30 families among 29 families direction rugae pattern in 
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offspring matched with either parents. Thus, they concluded that there was 
statistically significance resemblance of offspring palatal rugae patterns with 
parent’s palatal rugae patterns.42 
For comparing palatal rugae pattern among male, female, and transgender 
population of the Bhopal city, a study was conducted by Saxena E, Chandrasekar 
BR, Hongal S, Torwane N, Goel P, Mishra P (2015) using 148 subjects in the age 
group of 17-35 years. The results showed that statistically significant difference with 
regard to some parameters like number of rugae, fragmentary rugae, wavy rugae, 
curve rugae, forwardly directed and backwardly directed rugae between transgender 
and other gender groups were present.43 
Oberoi IS, Chalkoo AS, Dhingra A (2016) evaluated of rugae pattern in 
individuals of known population by using 120 subjects of which 60 males and 60 
females in the age group of 17to25 years. They found that straight and wavy variety 
arethe most commonly seen rugae pattern in both males and females.44
LIP PRINTS  
The study lip print is known as Cheiloscopy. (The name derived from Greek 
words cheilos means lips and skopein means to see). The importance of cheiloscopy 
is linked to the fact that the lip prints are unique to one person, except in 
monozygotic twins. Lip grooves are permanent and unchangeable like finger print, 
palatal rugae. It is possible to identify the lip print patterns as early as the sixth week 
in uterine life. From that moment onwards, the lip groove pattaerns are 
unchangeable or rarely changeable and resisting many afflictions such as herpetic 
lesions. Hence lip prints aid as a tool in human identification.3,45 
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History: 
The biological feature of lip groove patterns was first described by Fisher in 
1902, it was only in 1930, that Diou de Lille developed some studies which led to lip 
print use in criminology.46 In 1932, Edmond Locard, one of France’s greatest 
criminologists, acknowledged the importance of cheiloscopy.47 In 1950, Le Moyer 
Synder, in his book “Homicide Investigation”, mentioned the possibilities of using 
lip prints in the matter of human identification.48 Sometime later, Santos in 1960, 
suggested that the fissures and the criss- cross lines in the lips could be divided in to 
different groups (simple and compound), and each group could be further divided in 
to eight subtypes.49 
Renaud, in 1972, studied 4000 lip prints and confirmed the singularity of 
each one, supporting the idea of lip print singularity. Two years later, Suzuki and 
Tsushihashi developed another study which resulted in a new classification for lip 
prints. This study, made over long period of time, enabled the authors to confirm not 
only lip print singularity, but also lip response to trauma; in fact, these authors 
observed that after healing, the lip pattern was equal to that before the injury 
occurred.5,50 
Development: 
Lip development occurs in 4th -8th week of intra uterine life. Upper lip 
formation appears for the first time at stage 16 of intra uterine life and their 
formation gets completed by stage 20 of intra uterine life. Each maxillary processes, 
grows medially and fuses, first with lateral nasal process and then with the medial 
nasal process. The medial and lateral nasal processes also fuse with each other. 
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Lower lip development appears for the first time at stage 11 and their 
formation gets completed by stage 15 of intra uterine life. The mandibular processes 
of the two sides grow each other and fuse in midline. They now form the lower 
margin of the stomatodaeum. Fused mandibular processes give rise to lower lip and 
lower jaw.47,51 
Anatomy: 
Lips are two, highly sensitive mobile folds, composed of skin, muscle, 
glands and mucous membrane. They surround the oral orifice and form the anterior 
boundary of the oral cavity. Anatomically, whether covered with skin or mucosa, the 
surface that forms the oral sphincter is the lip area. There is an upper lip and lower 
lip; the two lips are joined at the corners of the mouth- the commissures- and 
separated by the buccal fend.47,51 
There are two different kinds of lip covering-skin or mucosa. When the two 
meet, a white wavy line is formed- the labial cord. Where identification is concerned, 
the mucosal area holds the most interest. This area, also called Klein’s zone, is covered 
with wrinkles and grooves that form a characteristic pattern-lip print.46 
However, this is not only the area that deserves careful study. In fact, in 
cheiloscopy, one should also analyse lip anatomy, considering their thickness and 
the position. The lips can be horizontal, elevated or depressed and according to their 
thickness, it is possible to identify the the following four groups: (1) thin lips 
(common in European Caucasian); (2) medium lips (from 8 to 10mm, are the most 
common type; (3) thick or very thick lips (usually having the inversion of the lip 
cord and are usually seen in Negroes); (4) mix lips (usually seen in orientals).52 
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Lip Print classification: 
 1. Suzuki and Tsuchihashi classification (1970)
5
Type I – complete vertical 
Type’II – incomplete vertical 
                      Type II – Branched 
                      TYPE III - Intersected  
                      TYPE IV – Reticular pattern 
                      Type V – Irregular  
2. Renaud classification:
53 
A – Complete vertical 
                      B – Incomplete vertical 
                      C – Complete bifurcated 
                      D – Incomplete bifurcated 
                      E – Complete branched 
                      F – Incomplete branched 
                      G – Reticular pattern 
                     H – X or coma 
                     I – Horizontal 
                     J – Other forms (ellipse, triangle) 
 3. Afchar-Bayat classification:
54
A1 – Vertical and straight grooves, covering the whole lip 
                     A2 – Like the former, but not covering the whole lip 
                     B1 – Straight branched grooves
                     B2 – Angulated branched grooves 
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                     C – Converging grooves 
                     D – Reticular pattern grooves 
                     E – Other grooves 
.APPLICATION OF LIP PRINTS IN FORENSIC ODONTOLOGY: 
Lip prints in a crime scene investigation is very important in establishing the 
true nature of the facts and link a subject to a specific location if found on clothes or 
other objects, such as glasses, cups or even cigarette’s buts.55,56 When searching for 
lip prints, one must always consider that all lipstick smears coloured; in fact, in 
recent years the cosmetic industry has been developing new lipsticks which do not 
leave a variable smear or mark when they come in contact with different items, these 
are called persistent lipsticks.57 
Cheiloscopy is a process which provides both qualitative and quantitative 
results by examination of system of furrows on the red part of human lips. The 
investigation of lip prints is very useful elementary in resolving a criminal act. 
Traditional lipstick produces a print that is easily identifiable but lip prints made 
without lipstick are invisible, requiring reagents that are more sensitive than 
conventional materials to locate and develop lip prints.58 
SOME STUDIES ON LIP PRINTS: 
Shailesh MG, Indurkar A, Shirish D, Rahul B. in 2009 conducted a study on 
cheiloscopy for sex determination by using 140 subjects of which 70 males and 70 
females in the age group of 0-70 years. They found that 67 out 0f 70 lip prints of 
females were correctly identified and 65 0ut of 70 males were correctly diagnose as 
males. Type C (47.14%) was the most commonly occurring trend in females, 
whereas type B (70%) was the most commonly occurring trend in males.59 
	



    

Preeti S, Susmita S, Vanita R. in 2009 compared the   50 reliability of 
cheiloscopy and palatoscopy in human identification by using 100 subjects of which 
50 males and 50 females. The study not only showed that palatal rugae and lip prints 
are unique to an individual, but also that lip prints is more reliable for recognition 
the sex of an individual.60 
Nagasupriya A, Dhanapal R, Reena K, Saraswathi TR, Ramachandran CR. 
Did a study on patterns in 2011 by using 200 students of which 100 males and 100 
females in the age group of 18-27 years. The study showed that lip and finger 
patterns did not reveal statistically significant results with the gender, the correlation 
between lip and finger patterns for gender identification, was statistically significant. 
In males, branched type of lip patterns associated with arch, loop and whorl type of 
finger pattern was significant. In females, vertical lip pattern associated with arch 
finger pattern and reticular lip pattern associated with whole finger patterns were 
most significant.15 
Amith HV, Anil VA, Nagesh L in 2011 conducted a study on lip prints by 
using 200 dental students. They found that type II pattern was dominant in males in 
the third and fourth quadrants. Type III pattern did not occur in third and fourth 
quadrants at all. It has occurred first and second quadrant in males. The results were 
found to be statistically significant.61 
Koneru A, surekha R, Ganesh SN, Vanishree M, Ramesh DNSV, Patel RS in 
2013 compared the lip prints in two different populations of India by using 60 
subjects which included 30 each from Kerala and Manipuri. The study showed that 
type 4 and type 5 patterns were predominant in males, whereas type 1 and type 1’ 
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was common in females. Type 1 pattern was common in both populations, with an 
incidence of 28.3%. Furthermore, Type 1 pattern was found to be more common in 
Kerala females and Manipuri males when compared to their counterparts. Type 1’ 
and Type 4 were predominant in Kerala and Type 5 in Manipuri.62 
Ghimire N, Nepal P, Upadhay S, BudhathotkiSS,Subba A, Kharel B in 2013 
did a study on lip print pattern by using 200 Nepalese undergraduate student. They 
concluded that lip print pattern can be used as an additional tool for personal 
identification and sex determination.63 
Murugan M, Karikalan T in 2014 conducted a study on correlation between 
the pattern of finger print and lip print by using 300 students. They concluded that 
individual parameters, i.e., lip print and finger print patterns play an important role 
in forensic identification. Correlation of these two parameters did not show any 
significant association, hence, these combinations as such cannot be used in 
individual identification.64 
Peeran SW, Naveenkumar PG, Abdalla KA, Abdelkader F, Azaruk A, 
Manipady S in 2015 did a study on lip print patterns among adults of Sebha city, 
Libya by using 104 subjects in the age group of 18-35 years. Result showed that 
type I lip print pattern was seen in 53.37% and 60.07% of lip quadrants in males and 
females, respectively. 27 (25.96%) subjects had same lip print pattern in all the four 
quadrants.65 
Rachna K, Shreenivasa MP,  Padar SS, Nishat S, Suraksha B in 2015 
conducted a cross sectional study on cheiloscopic patterns in Indian population and 
their efficacy in sex determination by using 755 subjects of which 375 males and 
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380 females in the age group of 1-80 years. They found that type I was the most 
prevalent cheiloscopic pattern. Based on the method of sex determination using lip 
prints, the percentage of individuals correctly identified was less.66 
FINGER PRINT: 
Study of fingerprints as a method of identification is known as 
Dactylography or Dactyloscopy or Dermatoglyphics and at present, also as Henry-
Galton system of identification.67 The word Dactylography is taken from two Greek 
words, dactylos meaning ‘finger’ and graphein meaning ‘to write’. It is the study of 
impression patterns formed by the papillary ridges on the bulbs of fingers and 
thumbs, when taken upon unglazed paper with the help of printer’s ink. 
Dactylography is a progressing science and new methods for the recording, lifting 
developing of prints under different field conditions, including those from the 
decomposed body, are being introduced regularly.68 
History: 
Finger prints as a form of identification have been used atleast since 7000 to 
6000 BC by the ancient Assyrians and Chinese. Bricks used in houses in the ancient 
city of Jericho were sometimes imprinted by pairs of thumb prints. In the mid 
1800’s, scientific studies were begun and established two critical characteristics of 
finger prints that are true till to thisday: no two finger prints from different fingers 
have been found to have the same ridge pattern and finger print ridge patterns are 
unchanging throughout the life. These studies led to the use of finger prints for 
criminal identification, first in Argentina in 1896, then at Scotland Yard in 1901, and 
to other countries in the early 1900’s. Computer processing of finger prints began in 
the early 1960s with the introduction of computer hardware that could reasonably 
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process theseImages. Since then, automated finger print identification systems 
(AFIS) have been employed widely among law enforcement agencies throughout the 
world. In the late 1990s, the introduction of inexpensive finger print capture devices 
and the development of fast, reliable matchingalgorithms have set the stage for the 
expansion of finger print matching to personal use. There are various theories 
proposed for finger pattern.69 
Development: 
There are various theories proposed for finger pattern formation. Kollmann 
in 1883 speculated that ridge pattern is formed as a result of a folding process 
induced by differential growth. This idea was promoted by Bonnevie in 1920 who 
stated that there will be intense cell proliferation in the basal layer of the epidermis 
which results in cylindrical cells. Finally, epidermis evades the dermis, resulting in 
the formation of primary ridges. There is evidence that primary ridge system 
changes till 16th week of pregnancy and after 16th week it becomes permanent and 
remains unchanged throughout the life. Even in superficial skin injuries, finger 
patterns will be reformed without any change because they are encoded at the 
interface between dermis and epidermis. Another view regarding the formation of 
primary ridges is linked to the nervous system. Dell and Munger in 1986 stated that 
before ridge formation, finger tips are innervated by a hexagonal pattern of axons 
determining the growth of primary ridges formation. But, this theory was refuted by 
Morohunfolaet al. 1992 who proved the formation of primary ridges even in the 
absence of innervations.6 Till now, there is no commonly accepted mechanism for 
ridge formation and all views are contradictory to one another. 
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Fingerprint biometrics
Fingerprints have been used in criminal investigations as a means of 
identification for centuries. It is one of the most important tools of crime detection 
because of their robustness and uniqueness. A fingerprint is the pattern of friction 
ridges and valleys on the surface of a fingertip. In order to match a print, a 
fingerprint technician digitalizes or scans the print obtained at a crime scene and 
computer algorithms of a biometric system locate all the unique minutia and ridge 
points of a questioned print. These unique feature sets are then matched against a 
stored fingerprint database. 
The Integrated Automated Fingerprint Identification System (IAFIS) is a 
national automated fingerprint identification and criminal history system maintained 
by the Federal Bureau of Investigation (FBI). IAFIS provides automated fingerprint 
search capabilities, latent searching capability, electronic image storage, and 
electronic exchange of fingerprints and responses. IAFIS houses the fingerprints and 
criminal histories of 70 million subjects in the criminal master file, 31 million civil 
prints and fingerprints from 73,000 known and suspected terrorists processed by the 
U.S. or by international law enforcement agencies. 
The average response time for an electronic criminal fingerprint submission 
is about 27 min, while electronic civil submissions are processed within an hour and 
12 min. IAFIS processed more than 61 million ten-print submissions during Fiscal 
Year 2010. In September 2014, the FBI announced that its Next Generation 
Identification system was at full operational capability and effectively replaced 
IAFIS.70 
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Fingerprint classification: 
1. Henry’s classification
71 
• Arch pattern – plain, radial, ulnar, tented 
• Loop pattern – radial, ulnar 
• Whorl pattern – plain, central pocket, double loop, accidental 
2. Michael and Kucken’s classification6 
• Arch 
• Loop 
• Whorl 
• Composite 
3. Cummins classification72 
• Arch 
• Loop 
• Whorl 
SOME STUDIES ON FINGERPRINTS: 
Nagasupriya A, Dhanapal R, Reena K, Saraswathi TR, Ramachandran CR. 
Did a study on patterns in 2011 by using 200 students of which 100 males and 100 
females in the age group of 18-27 years. The study showed that lip and finger 
patterns did not reveal statistically significant results with the gender, the correlation 
between lip and finger patterns for gender identification, was statistically significant. 
In males, branched type of lip patterns associated with arch, loop and whorl type of 
finger pattern was significant. In females, vertical lip pattern associated with arch 
finger pattern and reticular lip pattern associated with whole finger patterns were 
most significant.15 
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Sayed YK, Goudar ES, Sayeda YK (2013) did a study on fingerprint pattern 
and gender distribution of fingerprint in and around Bijapur by using 500 males and 
500 females in the age group of 18-60 years. They concluded that predominant 
pattern among male and female is ulnar loop. The ridge count in male was slightly 
more than in female. 73
Mutalik VS, Menon A, Jayalakshmi N, Kamath A, Raghu AR. Correlated the 
lip print, fingerprint and palatal rugae in 2013 by using 100 females. They 
concluded that reticular pattern of lip print, wavy pattern of palatal rugae and loop 
pattern of finger prints were predominant patterns. Correlation of three parameters 
did not reveal significant differences.74
Murugan M, Karikalan T in 2014 conducted a study on correlation between 
the pattern of finger print and lip print by using 300 students. They concluded that 
individual parameters, i.e., lip print and finger print patterns play an important role 
in forensic identification. Correlation of these two parameters did not show any 
significant association, hence, these combinations as such cannot be used in 
individual identification.64 
Hansi DB, Ashish DB, Neeti SK (2014) conducted a study on distribution of 
fingerprint patterns in an Indian population by using 256 males and 280 females. 
The result showed that ulnar loop (51.3%) was found to be the most common pattern 
observed. No statistically significant difference were observed between distribution 
of fingerprint patterns in males and females.75 
Harsha L, Gifrina J in 2015 conducted a study on correlation of lip print, 
fingerprint and blood group in a Tamil Nadu based population by using 150 
individuals in the age group of 15-40 years. It was evident that though there was a 
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pattern of clustering the results were not statistically significant. Apart from forensic 
identification, fingerprint patterns can also predict susceptibility to diseases.76
Mohammed A, Naveen KM, Kavita DB, Shyam PR (2015) conducted a 
study on cheiloscopy and dactyloscopy by using 200 subjects of which 100 males 
and 100 females  in the age group of 18-30 years. The result showed that type I with 
whorl finger pattern was predominant in males, whereas in females predominant lip 
pattern recorded was type II with loops fingerprint pattern.77 
Madhsudan K, Patel HP, Umesh K, Chavan S in 2015 correlated 
dactyloscopy, chiloscopy and dental caries among dental students if VisNagar Town 
Gujarat by using 233 dental students. The result showed that prevalence of dental 
caries was higher among subjects with loop pattern compared to other thumb print 
patterns. Prevalence of dental caries was higher among subjects with branched 
groove pattern compared to other lip print patterns.78 
Abdullah SF, Rahman AFNA, Abas ZA in 2015 conducted a study on 
classification of gender by using fingerprint ridge density in Northern part of 
Malaysia by using 50 subjects. They concluded that woman tends to have a greater 
density compared to man. Ridges density is highly trusted to be one of the best 
criteria for feature extraction in gender classification.79 
Sandeep VB, Anand BK in 2017 conducted a study on fingerprint pattern 
and distribution in and around Nanded district of Maharashtra state by using 3504 
individuals in the age group of 18-60 years. The result showed that principal pattern 
among both male and female was loop, also they showed that the frequency of fork 
was more in males as compared to females.80
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CANINE IN FORENSIC ODONTOLOGY: 
Teeth are considered as the vital components of the masticatory apparatus 
and being very hard structures, resistant to any kind of destructive forces therefore 
considered as a good source of material for civil & medico-legal identification.81
Determination of sex is one of the significant aspects of forensic odontology. 
Morphological difference in the form, either in shape or size between individuals of 
different sexes can be termed as sexual dimorphism. Sex determination by specific 
features of teeth is based mainly on the comparison of dimensions of the teeth in 
males and females. 
The mean age of eruption of mandibular canines is about 10.87 years. They 
are least affected by the periodontal diseases and possess better resistance to severe 
trauma such as air disasters, storms and tornadoes or fire disasters. These attributes 
of mandibular canines can make them reliable to be used as the key teeth for 
personal identification.82
HISTORY: 
Black, (1902) was the first to establish the mesio distal diameter of the teeth 
in North America white population, later Nelson (1938), Ballard (1944) and wheeler 
(1961) conducted studies to find out the mesio distal crown width in a particular 
population.83 
Garn et al (1966) stated that males tend to have more square dimensions of 
teeth that females show greater size reduction bucco-lingually than mesiodistally.84
In 1972 Ditch and Rose were the first to prove that teeth diameters can be 
successfully used in determining sex in poorly preserved and fragmentary skeletal 
remains in archaeology.85 
	



    


Scott and Turner (1997) showed that many non-metric dental traits are 
highly positive correlated with tooth size because they both are genetically 
determined. 
Dentition should be treated as a unit, considering the correlation among all 
teeth, to determine the difference between sexes. Teeth must have a context of other 
measurements from the same individual with which to be evaluated. This implied 
that sex dimorphism is more correctly illustrated when whole male dentition was 
compared to the whole female dentition.86 
Methods of sexual dimorphism assessment: 
Dental features in sex identification can be broadly classified in to non-
metrical and metrical methods. 
Non metrical features are based on the presence or absence of a particular 
morphological feature. The non-metric features are crown and root, features such as 
upper incisor shoveling, cusp of Carabelli, hypocone and protostylid are heritable 
and therefore, help in establishing population group or ethnicity.87 
Metric features are based on tooth measurements. The use of metrical 
approach in sex estimation is more structured, less subjective and furthermore, it can 
be repeated to validate the obtained results. The bucco-lingual and mesiodistal tooth 
dimensions, termed linear measurements may be used for determining sex based on 
the differences in tooth size and tooth proportions. In addition to linear 
measurements, diagonal measurements are useful in measuring rotated, crowded and 
proximally restored teeth.87,88 
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Various odontometric studies: 
Mohammed Q, AL-Rifaiy AM, Aleem AM, IgbalA,Nazeer K (1997) 
conducted a study to investigate whether dimorphism of permanent mandibular 
canine and intercanine distance play a role in establishing sex identity. They 
observed that the mean values for left and right mandibular and maxillary canine 
width were less for females than for males and the difference were not statistically 
significant. The mean value for both the arches intercanine distances for females 
were less than males, a statistically significant increase in intercanine distance was 
observed in both arches in males. The analysis using the canine width and 
intercanine distance of the maxilla and mandible showed 55.07% and 65.48% was 
accuracy for the classification of sex.89 
Nair P, Rao BB, Annigeri RG (1999) checked an ability to determine the 
gender in south Indian population of an age group 15-21 years by comparing the 
observed mean canine index MCI with standard MCI value. They stated that 
accuracy for sexual identification was 84.3% in males and 87.5% in females.90 
Kaushal S, Patnaik VVG, Agnihotri G (2003) did a study using mandibular 
canine and found a statistically significant dimorphism in the mandibular canines. A 
sample of 60 subjects from North Indian population was selected for the study. The 
mandibular left canine exhibit greater sexual dimorphism and they concluded that if 
the width of the canine is greater than 7mm, the probability of the sex of the person 
under consideration being male was 100%.91 
Singh SP, Goyal A (2006) did a study on 110 subjects from the age group of 
12-18 years. They identified that the mesio distal crown width of males was found to 
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be more than that of the females and the ratio of the mesiodistal crown dimension of 
the maxillary lateral incisors to the maxillary central incisors was 80% in females 
and 78% in males. The total arch length in males was 117.77mm in maxilla and 
111.60mm in mandible, while in females the values were 113.98mm in maxilla and 
107.10mm in mandible.92 
Acharya A, Mainali P (2007) found reverse dimorphism in the mesiodistal 
dimension of mandibular second premolars in a Nepalese population. The finding 
could be attributable to evolution resulting in a reduction in sexual dimorphism, 
causing an overlap of tooth dimensions in males and females.93 
Suazo GI, Cantin IM, Lopez FB, Sandoval MC, Torres MS, Gajardo RP et al (2008) 
investigated sexual dimorphism in the size of permanent teeth among Chilean 
population using mesiodistal and buccolingual diameters. The values were larger in 
males. A significant difference in mean BL diameter was observed from the right 
central, lateral, canine, molar P value < 0.05%. Mandibular left central, lateral 
incisors, canine exhibited more significant sexual dimorphism with P value 0.01. 
The result showed that sexual dimorphism can be found in all group of teeth.94
Karen B, Chahavi G. (2009) reported that the mean values of the 
buccolingual and mesiodistal dimensions of the mandibular left canine were greater 
in females. These findings could be attributable to evolution resulting in a reduction 
in sexual dimorphism, causing an overlap of tooth dimensions in male and 
females.95 
Khangura RK, SircarK,Singh S, Rastogi V (2011) showed the mesiodistal 
dimension of the permanent maxillary incisors and canines showing that the 
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mesiodistal values of all maxillary incisors and canines exhibited larger mean values 
comparison in males but only canine values were found to be statistically significant 
for sexual dimorphism.96 
Dhara HP, Patel SV, Zalawadia AZ, Patel SM (2012) showed that the sexual 
dimorphism in mesio-distal diameter is more in right maxillary canine (8.87%) than 
the left maxillary canine (7.26%). Sexual dimorphism in canine index is more in 
right maxillary canine (1.93%) than the left maxillary canine (0.61%).97 
Gupta S, Chandra A, Gupta OP, Verma Y, Srivastava S (2014) showed that 
MD of maxillary canine was significantly greater in males than in females. They 
conclude that sexual dimorphism was more on right permanent maxillary canine 
than in left. Increased intercanine width in males favours the teeth in sex 
identification.85 
Shivhare P, Shankarnarayan L, Basavaraju SM, Gupta A.  (2015) conducted 
a study on intercanine width as a tool in two dimensional reconstruction of face by 
using 90 subjects of which 45 males and 45 females. They concluded that 
intercanine width showed a significant relationship with different points. The width 
varied with age and gender.98 
Kulkarni SP, Badole SM, Wasekar RR, Ullakhan FAT. (2016) conducted a 
study on mandibular canine index, palatine rugae and cheiloscopy as a predictor in 
sex determination by using 300 subjects of which 150 males and 150 females. The 
study showed that all three methods are reliable for sex determination. However, 
cheiloscopy was the better predictor of sex than the mandibular canine indices and 
palatal rugoscopy.99 
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ARCH FORM: 
The achievement of a stable, functional, and esthetic arch form has long been 
one of the primeobjectives of orthodontics. Consideration of the arch form is of 
paramount importance, because it is imperative that the arch form should be 
examined before embarking upon the treatment as this gives valuable information 
about the position into which teeth can be moved if they are to be stable following 
treatment. Several Orthodontics prefer a single form for all malocclusions. 
Now, the arch form is adopted based on maximum function and close to 
perfect aesthetic as per the orthodontist’s opinion. With the exponential use of 
computers and advancing technology, the approach of custom designing arch forms 
have gained importance and may provide the optimum solution for accurately 
obtaining the ideal orthodontic arch form, thus catering to each individual’s aesthetic 
and function. 
History: 
Since the beginning of orthodontics, many dentists had tried to identify 
“Ideal arch form” which will be suitable for a large part of the population. Shapes 
investigated were based on the mathematical formulae which included cubic spline, 
conic section and polynomial function. Begole devised a method of arch form 
developmentusing a mathematical principal, in which arch is shaped by forming a 
cubic spline curve. These shapes proposed by different people have been questioned 
for their validity thus receiving a mixture of acceptance and criticism.100 
However, with time, the need for a custom arch form that fits each 
individual’s need came into light. 
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Basic arch forms:
Chuck GC in 1932 classified arch forms as tapered, square and ovoid, which 
constitute the basic arch forms.101 
Ovoid Arch Forms 
Being the most preferred arch form, it results in minimal post-treatment 
relapse. It shows a greater intercuspal distance than tapered form. 
Tapered Arch Forms 
It has the narrowest intercanine width and is useful early in treatment for 
patients with narrow, tapered arch forms, especially in cases with gingival recession 
in the canine and premolar regions.
Square Arch Forms 
For patients with broad arches, this is used. The square form is useful in 
maintaining expansion in upper-arch after rapid expansion. When superimposed, the 
three shapes vary mainly in intercanine and inter-first-premolar width, giving a 
range of approximately 6 mm in this area. 
Other Arch Forms: 
Bonwill –Hawley Arch Form 
With the need for custom arch forms, came the earliest method of measuring 
arch length and arch width was given by Bonwill in 1887.102 He used three 
anatomical landmarks in mandible and constructed a triangle. By using 
mathematical geometry, shape, size and position of each tooth was approximated. 
This popular concept was modified in 1905, by Hawley where he combined the 
width of six anterior teeth to serve as the radius of a circle determined by combined 
width of the lower incisors and canines, with the premolars and molars aligned, with 
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the second and third molars turned toward the center. From this circle he constructed 
an equilateral triangle, with base representing the intercondylar width. The radius of 
the arch varied on the size of the anterior teeth, so that arch dimensions differed as a 
function of tooth size, but arch form was constant for all individuals. This 
construction is what is popular to this day as the Bonwill-Hawley arch form. 
Pont
Pont’s index was established by Pont in 1909 to predict maxillary dental arch 
width from the sum of the mesiodistal diameters of the four maxillary incisors.103 
Catenary Curve Concept 
Introduced in 1977, this concept was influenced by the catenary curve which 
is the shape of loop of chain when it is suspended by hooks.104Acantenometer is 
used for estimating the arch perimeter and was showed by Musich. It is used to 
explain arch form of lower arch. Given by Schulhof, the length and width between 
supports determines precise shape of curve. When width across first molars is used 
to establish posterior attachments, a catenary curve fits the dental arch form of 
premolars canine-incisor segment of arch well. 
Brader Arch Form 
In 1972, Brader used mathematical model of arch form based on trifocal 
ellipse.105 
PR = C 
Where P is Pressure in gm/cm2, 
R is radius of curvature of elliptic curve at the pressure site in mm 
C is mathematical constant. 
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Polynomial Function 
Although it was first given by Lu KH, Ferrario reconstructed maxillary and 
mandibular arches by a fourth-order polynomial and a ‘mixed’ elliptical (in anterior 
teeth), plus parabolic (post-canine teeth) interpolation of buccal cusp tips (central 
incisor to second molar).106 It was recorded that the curves were simple and can be 
used for a mathematical view of dental arches in non-patients. 
Beta Arch Forms 
Braun in 1998 said that the human arch form could be portrayed by a 
complex mathematical formula, known as beta function.107 It was done so by using a 
computer curve fitting program where in measurements of dental arches was 
entered. The model was defined by depth and width of the dental arch at second 
molar region. When using this ‘beta’ function model, is width increased by 1mm, 
then the depth also increased by 1.5mm, which results in an accurate equation of the 
dental arch form. In addition, it will be an excellent generalized equation of the 
maxillary and mandibular arch shapes for each of the Angle classifications of 
occlusions. 
Cubic Spline Curve 
A knot is a point through with the curve passes through to generate different 
curves. The cubic spline curve consists of separate cubic polynomial segments 
connecting a series of knots. Begole1 found that the cubic spline curve fit the arch 
forms of well aligned dental arches with minimal error and that asymmetry of the 
arch had no effect on accuracy of fit. Any mathematical formula that is accurate in 
predetermining arch form will have to account for the many nuances and variations 
individuals have, and to date, none of the formulae offered have done that. 
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Laser Mapping 
Another concept being developed by Syrinx Technologies, Texas since 1976 
is to place brackets on teeth after which laser mapping is done to establish the arch 
form and the 3D data is transferred to a computer for storage and usage. After the 
clinician decides the direction the teeth are to go, individually designed arch wire 
can befabricated. This methods of arch wire formation through CAD-CAM 
technology and use of custom brackets foreach tooth are the gateway to simplifying 
procedures.108 
OTHER STUDIES ON ARCH FORM: 
Bishra SE, Treder JE, Damon P, Olsen M  (1996) conducted a study on 
changes in the dental arches and dentition between 25-45 years of age by using 30 
subjects of which 15 males and 15 females. The study showed significant changes 
occur in the maxillary and mandibular dental arches and dentition in males and 
females, including a clinically significant increase in tooth size –arch length 
discrepancy.109 
Braun S, Hnat WP, Fender DE, Legan HL (1998) did a study on the form of 
the human dental arch form by using 80 casts. The class III mandibular arches had 
small arch depth and greater arch width than class I arches. The class II mandibular 
arches exhibited reduced arch width and depth compared with class I arches. 
Maxillary arch depth were similar in all three groups.107 
Burris BG, Harris EF  (2000) conducted a study on maxillary arch size and 
shape in American Blacks and Whites  by using 330 patients of which 159 males 
and 166 females. They found that arch size is larger in American Blacks than 
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Whites. The arch form is square and less tapered in Blacks at the incisor premolar 
region.110 
Aznar T, Gala AF, Marin I, Dominguez A (2006) did a study on dental arch 
diameters and relations to the oral habits in 1237 children in the age of 3-6 years.The 
finger-sucking habit, with increasing habit duration, was associated with an increase 
in mandibular intermolar distances. Breathing through the mouth appeared to be 
associated with a reduction in the size of both arches.This was more significant in 
the maxillary intercanine distance.111 
Ling JYK, Wong RWK (2007) conducted a study on dental arch widths of 
southern Chinese by using 358 patients of which 210 males and 148 females. The 
result showed when compared with Caucasians, the southern Chinese were 
characterized by a wider dental arch width, however variations were greater. All 
mandibular and maxillary arch width were significantly larger than female arch 
width except at the incisor region.112 
Kallianpar K, Desai A, Kasetty S, Joshi P (2011) conducted a study an 
anthropometric analysis of facial height arch length and palatal rugae in Indian and 
Nepalese population by using 120 subjects of which 60 males and 60 females. The 
result showed that facial height measurements did not give any significant results for 
racial and gender identification. Differences between arch length parameter were 
found to be significant between the two population groups.113 
Mundada DR, Kanble RH, Raikumar A, Shrivastava S, Sharma N, Gilani R 
(2015) compared dental arch form in case with thumb sucking, tongue thrusting and 
normal arch form using Euclidean distance matrix analysis by using 30 patients in 
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the age from 13-17 years. The result showed that there was a significant arch shape 
difference in maxillary arches between thumb sucking subjects and subjects with no 
habits, whereas significant arch shape differences were found in the mandibular arch 
of tongue thrusting individuals and those with no any habits.114 
Vane CS, Pandian S (2016) did a study on maxillary and mandibular arch 
forms. The study concluded that no generalized universal arch form seems to be 
applicable as it was proved that arch form is unique expression of individual 
development and no universal design will never be able to account for many small, 
but significant variations in the arch shape of individuals.115 
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SOURCE OF THE DATA: 
         This study was carried out in the Department of Oral Medicine and Radiology, 
Sree Mookambika Institute of Dental sciences, Kulasekharam, Kanyakumari district.  
METHODS OF SELECTION OF DATA: 
I.       SAMPLE SIZE 
o Total number of subjects: 800 
• Total number of female patients: 396 
• Total number of male patients:  404 
II.     SELECTION OF CASES
Inclusion criteria:  
• Healthy volunteers in SreeMookambika Institute of Dental Science in the 
age group of 18 -30 years. 
Exclusion criteria:  
• Subjects with history of celiac disease [there will be moderate ridge 
atrophy and even loss of pattern] 
• Individuals who have undergone orthodontic treatment. 
• Subjects with any other pathology of fingers [leprosy, burns and injury]. 
• Subjects with any developmental anomaly of lip &palate [cleft lip and 
cleft palate]. 
• Subjects with known hypersensitivity to lipsticks. 
• Impacted canine 
• Subjects not willing to participate 
•
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Parameters to be studied: 
• Lip print pattern 
• Rugae pattern 
• Finger print pattern 
• Arch shape(maxillary) 
• Inter canine width(maxillary) 
MATERIALS REQUIRED: 
• For cheiloscopy - lakme pink colour shade135 lip stick, A4 sheet 
absorbent paper, magnifying lens 
• For palatoscopy - intra oral mirror,digital camera, magnifying lens 
• For dactyloscopy - A4 sheet absorbent paper, blue inked stamp pad, 
magnifying lens. 
• For intercanine width - measuring vernier caliper 
PROCEDURE: 
The subjects were asked to rinse the mouth with water and lip was allowed to 
dry. Lipstick was applied in a single stroke and subjects were asked to gently spread 
it uniformly by their lip movements now the lip is pressed over white sheet. Lip 
prints were traced in the normal rest position of lips. Lip prints were examined using 
magnifying lens, classified and analyzed. Analysis of lip print was done based on 
classification of Suzuki andTsuchihashi.5 
   TYPE I  -  Vertical grooves that run across the entire lip 
   TYPE I′  -  Vertical grooves that do not run across the entire lip 
   TYPE II  -  Branched grooves 
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   TYPE III -  Intersected grooves 
   TYPE IV - reticular grooves  
   TYPE V - cannot be determined 
For dactyloscopy Subjects were asked to wash their hands and the imprint of 
left thumb was taken on white A4 sheet. It was visualized using magnifying lens. 
The analysis of finger print was done based on classification of Michael &kucken.6 
1. loop pattern 2. arch pattern 3. whorl pattern 
For palatoscopy; to record palatal rugae, photograph of upper arch was taken 
by using digital camera, image was transferred to white A4 sheet on which outline of 
the rugae pattern was traced and  analysis was done by using  the classification by 
Thomas  & Kotze.17 
1. Straight 
2. Curve 
3. Wavy 
4. Circular 
5. Unification 
Intercanine width is measured by vernier calliper and arch form is decided by   
intra oral photograph of upper arch, Chuk classified arch forms as tapered, square 
and ovoid.16 
Statistical analysis was done using Chi-square test. P value <0.05 is 
considered as statistically significant 
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RESULTS AND 
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The present study was undertaken to analyze the reliability of rugae pattern, 
lip patern, fingerprint, intercanine width and arch form in human identification. The 
study was conducted in a sample group of 800 students of which 406 males and 394 
females in the age group of 18-30 years. 
The data was expressed in number, percentage, mean and standard deviation. 
Statistical Package for Social Sciences (SPPS 16.0) version used for statistical 
analysis. Chi square test applied to find the statistical significant. P value less than 
0.05 (p<0.05) considered statistically significant at 95% confidence interval. 
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Table 1: Distribution of patients based on age 
Age (Years) 
15-20 years 
21-25 years 
26-30 years 
Total 
(*p<0.05 significant compared 15
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Number Percentage (%) 
285 35.63 
505* 63.13 
10*,# 1.24 
800 100.00 
-20 years, #p<0.05 significant compared 21
years with others) 
35.63
63.13
1.24
20 years 21-25 years 26-30 years 
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Table 2: Distribution of patients based on gender 
Gender 
Male 
Female 
Total 
(p>0.05 no significant difference compared male wit
Graph-2: Distribution of patients based on gender
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Number Percentage (%) 
406 50.75 
394 49.25 
800 100.00 
h females)
Male 
(50.75%)
Female 
(49.25%)
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P value 
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Table 3: Distribution of patients based on finger print p
Finger print pattern
Loop 
Whorl 
Arch 
Total 
(*p<0.05 significant compared loop with others, 
Graph-3: Distribution of patients based on finger print p
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 Number Percentage (%) 
416 52.00 
306* 38.25* 
78*,# 9.75*,# 
800 100.00 
#p<0.05 significant compared 
Whorl with others) 
attern 
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Table 4: Distribution of patients based on lip print patt
Lip print pattern
Reticular 
Branched  
Type 1 
Undetermined  
Total 
(*p<0.05 significant compared reticular with others
branched with others, $
Graph-4: Distribution of patients based on lip print patt
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 Number Percentage (%)
330 41.25 
278* 34.75* 
152*,# 19.00*,# 
40*,#,$ 5.00*,#,$ 
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, #p<0.05 significant compared 
p<0.05 significant compared Type 1 with others)
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Table-5: Distribution of patients based on Rugae pattern 
Rugae pattern 
Straight 
Curved 
Wavy 
Unification 
Circular 
Total 
(*p<0.05 significant straight with others, 
$p<0.05 significant compared wavy with others, 
unification with others)
Graph-5: Distribution of patients based on Rugae pattern 
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Number Percentage (%)
229 28.63 
217 27.13 
321*,# 40.13*,#
29*,#,$ 3.63*,#,$
4*,#,$,@ 0.50*,#,$,@
800 100.00 
#p<0.05 significant curved with others, 
@p<0.05 significant compared 
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Table-6: Mean intercanine width of patients 
Observation 
Intercaine width
Table-7: Distribution of patients based on arch form 
Arch form 
Ovoid 
Tapered 
Square 
Total 
(*p<0.05 significant compared ovoid with others, 
tapered with others) 
Graph-6: Distribution of patients based on arch form
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Mean±SD
32.48±1.67
Number Percentage (%)
704 88.00 
59* 7.38* 
37*,# 4.63*,#
800 100.00 
#p<0.05 significant compared 
Ovoid Tapered Square
88
7.38
4.63
Arch form

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P value  
0.04 
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Table-8: Correlation of finger print pattern with lip print pattern  
Finger print 
pattern 
Reticular Branched Type 1 Undetermined 
Loop -95 -81 -94 -73 
Whorl -67 -73 -93 -82 
Arch -84 -82 -83 -91 
(p>0.05 no significant correlation between the finger print pattern with lip print 
pattern) 
Table-9: Correlation of finger print pattern with rugae pattern  
Finger print 
pattern 
Straight Curved Wavy Unification Circular 
Loop -90 -92 -93 -89 -92 
Whorl -92 -91 -91 -97 -89 
Arch -90 -90 -90 -91 -91 
(p>0.05 no significant correlation between the finger print pattern with rugae print 
pattern)  
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Table-10: Correlation of lip print pattern with rugae pattern  
Lip print pattern Straight Curved Wavy Unification Circular 
Reticular -99 -89 -92 -94 -89 
Branched  -93 -93 -93 -92 -94 
Type-1 -91 -91 -94 -89 -91 
Undetermined  -90 -94 -98 -91 -96 
(p>0.05 no significant correlation between the reticular with others, p>0.05 no
significant correlation between the branched pattern with others, p>0.05 no 
significant correlation between the Type 1others)  correlation between the branched 
pattern with others, p>0.05 no significant correlation between the Type 1others)  
Table-11: Correlation of rugae pattern with intercanine width  
Rugae pattern Intercanine width (MEAN±SD) P value 
Straight 32.98±1.45 
1.04 
Curved 30.67±0.93 
Wavy 29.16±1.34 
Unification 31.18±0.93 
Circular 29.67±1.05 
(p>0.05 no significant correlation between the straight with others, p>0.05 no 
significant correlation between the curved pattern with others, p>0.05 no significant 
correlation between the wavy others, p>0.05 no significant correlation between the 
unification with others)  
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Table-12: Correlation of rugae pattern with arch form 
Rugae pattern Ovoid Tapered Square 
Straight  -98 -96 -98 
Curved -86 -89 -92 
Wavy -99 -93 -91 
Unification  -92 -99 -94 
Circular -90 -92 -98 
(p>0.05 no significant correlation between the straight with others, p>0.05 no 
significant correlation between the curved pattern with others, p>0.05 no significant 
correlation between the wavy others, p>0.05 no significant correlation between the 
unification with others)  
Table-13: Correlation of intercanine width with arch form  
Arch form Intercanine width (MEAN±SD) p value  
Ovoid 30.32±1.56  
1.03 
Tapered 29.83±2.89 
Square 31.34±1.84 
(p>0.05 no significant correlation between the ovoid with others, p>0.05 no 
significant correlation between the tapered pattern with others) 
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Statistical Analysis: 
On rugae analysis, the most common pattern of palatal rugae observed was 
wavy 40 %( 321 out of 800 subjects) followed by straight 28.63 %( 229 out of 800 
subjects), curved 27.13 %( 219 out of 800 subjects) and circular was 0.5 %( 4 out of 
800 subjects. 
On lip print analysis, the most common lip pattern was reticular 41.25 %( 
330 out of 800 subjects) followed by branched type 34.75 %( 278 out of 800 
subjects), type I was 19 %( 152 out of 800 subjects) and undetermined was 5 %( 40 
out of 800 subjects). 
On finger print analysis, the most common pattern of lip print was loop 
pattern 52 %( 416 out of 800 subjects) followed by whorl pattern was 38.25 %( 306 
out of 800 subjects) and arch pattern was 9.75 %( 78 out of 800 subjects). 
The correlation of rugae pattern, lip prints and finger prints by chi-square test 
showed no statistical significance. Correlation of reticular pattern (lip prints) and 
loop type (finger prints) accounted for 5 %. Correlation of loop type (finger prints) 
and wavy pattern (palatal rugae) accounted for 7 %. Correlation of reticular pattern 
(lip print) and wavy pattern (palatal rugae) accounted for 8 %.  
On arch form analysis, the most common arch form was ovoid 85 % (704 out 
of 800 subjects) followed by tapered was 7.38 % (59 out of 800 subjects) and square 
was 4.63 % (37 out of 800 subjects). The mean intercanine width was 32.48. 
The correlation of intercanine width, arch form and palatal rugae by chi-
square test showed no statistical significance. 
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Forensic science refers to the areas of endeavor that can be used in a judicial 
setting and accepted by the court and general scientific community to separate truth 
from untruth. Some methods of personal identification include anthropometry, lip 
prints, palatal rugae pattern, finger prints, DNA analysis, sex determination, age 
estimation, postmortem reports and bite marks.116In the absence of antemortem data, 
identification is usually established by the testimony of eye witness. In view of 
forensic jurisprudence, detecting and identifying lip print at a site of calamity of any 
nature may prove to provide key evidence.1 
In our study, palatal rugae pattern, lip print and finger print were correlated 
and role of intercanine width and arch shape in determination of palatal rugae 
pattern were analyzed in males and females. 
The study was conducted in the Department Oral Medicine and Radiology. 
SreeMookambika Institute of Dental sciences, Kulasekharam, Kanyakumari district. 
The total sample size was 800 individuals of which 406 males and 396 females. 
Samples were selected based on our preformatted inclusion and exclusion criteria. 
External surface of the lip has many elevations and depressions forming a 
characteristic pattern called lip prints. As it is genotypically determined, the 
importance of using it for forensic investigations is justified as the pattern never 
undergoes changes from birth until the body undergoes decomposition. Moreover, it 
also gives an intuition into the type of the event, number of people involved, gender, 
cosmetics used, any habits, and pathological states associated with the lips. With 
regard to the type of lip print from studies in Indian female population, a great 
degree of inconsistency is evident based on the previous study reports. The presence 
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of complete vertical (type 1) and incomplete vertical (type 1′) patterns has been 
reported.60 Contrary to these observations, Gondivkaret al. found a prevalence of 
branched pattern (type 2),117 while intersected and branched pattern (types 3 and 2, 
respectively) were the most predominant in a study reported by Saraswathiet al.118
Similar distribution pattern is available in reports of Gopichandet al. and Domiatyet 
al., in which the intersected (type 2) and the branched (type 3) were the most 
frequent patterns, respectively.1,2 Interestingly, our observation suggested that the 
reticular pattern was the most predominant (type 4 patterns, 30 out of 91 subjects, 
33.3%) and none of the subjects presented with intersected pattern (type 3).  
The varied presentation of lip prints is perhaps due to difference in sampling 
methods and inclusion of diverse population groups with varied ethnicity. 
Nevertheless, this unpredictability in outcome may prove to be ideal for forensic 
investigation as the likelihood of uniqueness of pattern in individual is higher. 
Similar to presentation oflip prints, the palatal rugae has much to offer as a useful 
forensic tool. It was first discovered as a method of identification by Harrison Allen 
in 1889.119The rugae are protected from trauma, insulated by heat of the tongue, and 
hence survive postmortem insults. Although a slight alteration in the relationship of 
the rugae to the teeth occurs during orthodontic tooth movement, no major alteration 
in shape of rugae is noted. Taking this into account, analysis of palatal rugae was 
carried out by only taking the shape or pattern of rugae into consideration.  
The rugae also provide sufficient information to validate identity beyond 
reasonable doubt and would serve in any forensic investigation. The most 
predominant pattern in our study was wavy, followed by curved pattern, which is in 
accordance with the other studies. Incidentally, a predominance of wavy pattern has 
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also been noted in Australian aborigines (Kapaliet al.) and the Nepalese population 
(Shreenivaset al.).33,120 In contrast, Sarafet al. noted that the converging pattern was 
predominant, which was not taken into consideration in our study. These variable 
results could be attributable to variation in ethnicities and geographic 
background.121As our study comprised random selection of subjects with varying 
background, it would be inappropriate to conclude the most common palatal rugae 
pattern. It is important to assess the population difference by assessing discrete 
variables like rugae shape than the continuous variables like rugae length.  
The analysis of finger prints as a form of identification has been used since 
time immemorial. No two finger prints even in a given individual have been found 
to have the same ridge pattern and this remains unchanged throughout life. This 
uniqueness in its presentation is the very fact that the analysis of finger print offers 
an excellent means of forensic investigations. Today, automated finger print 
identification has been employed among law enforcement agencies throughout the 
world. Our observation of loop pattern being the most common, followed by whorl 
pattern, arch pattern, and the composite pattern is consistent with the universal 
observation.  
The comparison and correlation of the lip prints, palatal prints, and finger 
prints did not yield any significant statistical significance. These results are also in 
accordance with previous study. Hence, the result observed in our study was similar 
to previous study of Mutalik et al.74 However, one study has drawn a significant 
correlation between vertical type of lip prints and archtype finger prints.15 As the 
sampling in our case was purposive with the sole objective of identification of 
individuals in a setup which comprises heterogeneous mix of population, we could 
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not draw any correlation. However, continuation of this work including more 
subjects and further validation of results may provide some clues of any correlation 
of these three unique patterns of identification. 
In Forensic cases, it is common to recover partial remains like fragmented 
skull, jaws and other bones of the body. The teeth being one of the strongest human 
tissues are known to resist a variety of ante-mortem and post-mortem insults and are 
one of the most commonly recovered remains.  Mesio-distal width of canine, inter-
canine width and mandibular canine index (MCI) have been used to determine 
gender in the past and is supported by many researchers. But recent research by 
Acharya et al, Boaz et al have found that these measurements do not reflect the 
gender difference accurately.122 
Also these measurements are not useful in individuals with missing canines. 
In some study, the mean inter-canine width in maxilla; and the mean inter-molar 
width in both maxilla and mandible were significantly higher in males than females. 
In one previous study it was concluded that the relationship between intercanine 
distance and lateral dimension of rugae remained constant in pre and post 
orthodontic treatment. This could be because the intercanine width is maintained in 
most of the treatment modality and the rugae is stable. Studies have shown that in 
spite of orthodontic treatment the shape of the rugae remain unaltered and only 
changes in their length have been perceived.           
Various classifications have been developed to characterize arch forms, such 
as elliptical, parabolic, square, and U-shaped. As Jacobson and others note, such 
schemes are poorly defined and cause confusion within and among studies.123The 
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palatal index provides a quantitative sense of arch form. The arch changes within an 
individual are very small. Therefore, there is no detectable systematic change in arch 
size or form with age. Indeed, each variable in the present study was regressed on 
the person’s age, but none exhibited anywhere near a statistically significant age 
effect. 
De La Cruz et al. concluded that arch form tended to return toward the 
pretreatment shape after retention and that the great change, the greater the tendency 
for post retention change.124 They suggested that the patient’s pretreatment arch 
form appeared to be the best guide for future arch form stability, but emphasized 
that minimizing treatment change was no guarantee of post retention stability.  
Correlation of intercanine width, arch form and palatal rugae pattern is the 
first of its kind and has not been reportedso far for reasons unknown. This 
preliminary observation of obtaining the indelible identification mark is the first step 
in generating a database which is practiced worldwide. 
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Every person has certain features that makes them radically distinct from 
other. With ever-increasing demands placed upon law enforcement to provide 
sufficient physical evidences linking a perpetrator to crime, it makes it sense to 
utilize any type of physical characters to identify a suspect of an offence. The 
present study was done to analyze the correlation between palatal rugae, lip prints 
and finger prints. Also, analyzing the role of intercanine width and arch form in the 
determination of palatal rugae pattern. Although an extensive scientific research on 
the study of the lip prints, palatal rugae, and finger prints is available, the study 
comparing and correlating all these three variables is minimal. A forensic bank has 
to be developed worldwide in order to store all these evidences, thereby developing 
a cohesive system. Based on the analysis of the results of our study, we can 
conclude that there was a negative correlation between rugae pattern, lip prints and 
finger prints. 
Change in intercanine width and arch form does not show any change in 
rugae pattern. Hence rugae pattern can be used as a stable marker for personal 
identification. Our attempt was to initiate the process at the regional level, which if 
continued further will allow secure and faster identification with these supplemental 
evidences. This is the first study which has tried to correlate all the three parameters. 
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  CONSENT FORM 
PART 1 OF 2
    INFORMATION FOR PARTICIPANTS OF THE STUDY 
Dear Volunteers,
We welcome you and thank you for your keen interest in participation in 
this research project. Before you participate in this study, it is important for you to 
understand why this research is being carried out. This form will provide you all the 
relevant details of this research. It will explain the nature, the purpose, the benefits, 
the risks, the discomforts, the precautions and the information about how this 
project will be carried out. It is important that you read and understand the contents 
of the form carefully. This form may contain certain scientific terms and hence, if 
you have any doubts or if you want more information, you are free to ask the study 
personnel or the contact person mentioned below before you give your consent and 
also at any time during the entire course of the project. 
1. Name of the Principal Investigator: T. Kartheesan 
  Second Year Post Graduate student  
  Department of Oral Medicine and Radiology 
  Sree Mookambika Institute of Dental Sciences, 
    Kulasekharam 
2. Name of the Guide  :  Dr. Tatu Joy E. MDS. 
    Professor and HOD, 
    Department of oral medicine and Radiology,
   Sree Mookambika Institute of Dental Sciences, 
    Kulasekharam, Kanya Kumari District-629161. 
3. Name of the Co-Guide :  Dr. Shashi Kiran  M.  MDS 
    Reader, 
    Department of oral medicine and Radiology,
   Sree Mookambika Institute of Dental Sciences, 
    Kulasekharam, Kanya Kumari District -629161. 
4. Institute:  Sree Mookambika Institute of Dental Sciences, 
    	
	

    Kulasekharam, Kanyakumari – 629161 
    Tamilnadu 
5. Title of the study: A study of Inter canine width and arch form as a predictor of 
rugae pattern and relative correlation of pattern of lip print rugae and finger 
print. 
6. Background information:
Human identification is of paramount importance and it is indeed challenging 
considering the fact that every individual has distinct traits. This requires a 
combination of different procedures to individualize a person or an object. 
Identity is a set of physical characteristics, functional or psychic, normal or 
pathological that defines an individual(1). Although DNA comparisons, dental 
records and finger print analysis are common techniques employed to ensure fast 
and secure identification, there are certain crime and mass disaster scenarios 
where other supplemental aids become essential(2). The morphological sciences 
have demonstrated that many anatomical features can be representative to 
differentiate individuals. The finger print and palatal rugae are broadly used 
because of its feasibility and accuracy, which are matters of relevance for 
practical usefulness. 
7. Aims and Objectives: 
• To determine the correlation of the pattern of lip print ,rugae and finger print 
in males and females 
• To analyze the rugae pattern and its correlation with arch shape and inter 
canine width 
• To analyze the predominant relative pattern of lip prints, finger prints, and 
rugae in males and females. 
8. Scientific justification of the study: 
Personal identification forms an integral part of forensic science especially when 
dealing with any crime or mutilated bodies that have undergone damage beyond 
recognition. Lipprints are unique to an individual and are applicable mostly in 
identifying the living. Since lip prints are usually left at crime scenes they can 
provide direct link to the suspect.lip prints can be recorded and used as evidence 
in nabbing suspects in crime scenes. Finger print is a known method for gender 
determination and personal identification. Finger print can be taken even from a 
decomposed body either from the peeled off epidermis of the finger or from the 
dermis when epidermis is lost. Even when most of anatomical structures are 
destroyed, burnt, or dehydrated, the palateremains intact and thus helps in 
personal identification based on the rugae pattern. The palatal pattern is 
characteristic of every individual and does not change as a result of growth. 
Thereby, a correlation if present among these various parameters of personnel 
identification will help in the same, especially in case of mass disasters and 
crime scenes where often complete human remains are not found and 
identification is based on remnant tissue. 
9. Procedure 
The subjects will be asked to rinse the mouth with water and lips will be 
allowed to dry. Lipstick will be applied in a single stroke and subjects will be 
asked to gently spread it uniformly by their lip movements now the lip is 
pressed over white sheet. Lip prints will be traced in the normal rest position of 
lips. Lip prints will be examined using magnifying lens, classified and analyzed. 
analysis of lip print will be based on classification of Suzuki and Tsuchihashi 
   TYPE I - vertical grooves that run across the entire lip 
   TYPE I’ - vertical grooves that do not run across the entire lip 
   TYPE II - branched grooves 
   TYPE III - Intersected grooves 
   TYPE IV - reticular grooves 
   TYPE V - cannot be determined 
             For dactyloscopy subjects will be asked to wash their hands and the 
imprint of left thumb will be taken on white chart sheet. It will be visualised 
using magnifying lens. The analysis of finger print will be done based on 
classification of Michael & kucken 
1. loop pattern     2.arch pattern  3.whorl pattern
For palatoscopy; to record palatal rugae, photograph of upper arch is 
taken by using camera, image is transferred to white shart sheet on which 
outline of the rugae pattern will be traced and will be analysed with the 
magnifying lens, using the classification by THOMAS & KOTZE 
1.straight 
2.curve 
3.wavy 
4.circular 
5.unification 
10. Expected risks for the participants:  NIL
11. Expected benefits of research for the participants:
You will not be required to pay for this test 
You can enquire about the outcome the procedures and your details. 
12. Maintenance of confidentiality:
a. You have the right to confidentiality regarding the privacy of your medical 
information 
(Personal details, results of physical examinations, investigations, and  
your medical history). 
b. By signing this document, you will be allowing the research team 
investigators, other study Personnel, sponsors, institutional ethics committee 
and any person or agency required by law to view your data, if required.  
c. The results of study performed as part of this research may be included in 
your medical record.  
d. The information from this study, if published in scientific journals or 
presented at scientific meetings, will not reveal your identity. 
13. Why have I been chosen to be in this study? 
a. Chosen because of grouping under the inclusion and exclusion criteria  
b. Need of good sampling size 
c. No invasive procedure that harm your health and helps in diagnosis and 
helpful for the society 
14. How many people will be in the study? 800 
15. Agreement of compensation to the participants (In case of a study related 
injury):
No related injury anticipated. Patient will be taken care in case of 
complication and   medical treatment will be provided. 
16. Anticipated prorated payment, if any, to the participant(s) of the study:  
Not applicable.
17. Can I withdraw from the study at any time during the study period? 
• The participation in this research is purely voluntary and you have the right 
to withdraw from this study at any time during the course of the study 
without giving any reasons.  
• However, it is advisable that you talk to the research team prior to stopping 
information. 
18. If there is any new findings/information, would I be informed? Yes
19. Expected duration of the participant’s participation in the study: 1  day
20. Any other pertinent information: No other information
21. Whom do I contact for further information? 
For any study related queries, you are free to contact : 
Dr. T Kartheesan 
Post graduate student, 
Department of oral Medicine and Radiology 
Sree Mookambika Institute of Dental Sciences 
Kulasekharam, 
KanyaKumari District-629161 
9486205301 
Kartheesanomr@gmail.com 
Place:  
           
  
Date:       Signature of Principal 
Investigator      
Signature of the participant 



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k½X ]{Xw þ `mKw þ 1 
]T\hpambnklIcn¡p¶ hyànIfpsSAdnhntebv¡v 
{]nbs¸« k¶² tkhItc, 
 R§Ä \n§sfkzmKXwsN¿p¶p.AtXmsSm¸wCu ]T\hpambnklIcn¡m\pÅ k¶²XtbmSv 
\µn tcJs¸Sp¯p¶p.  \n§ÄCu ]T\¯nÂ ]s¦Sp¡p¶Xn\p ap³]v Cu ]T\w  F´n\mWv 
\S¯s¸Sp¶XvF¶vAndtb−Xp−v. AXn\mÂ Cu t^md¯nÂKthjW 
]T\¯nsâhnhc§fpwaäpwhniZambntcJs¸Sp¯nbncn¡p¶p.  Cu ]T\¯nsâcoXn, Dt±iw, {]tbmP\w, 
A]ISkm²yX, t¢iw, ap³IcpXÂ, F§s\ Cu ]T\w  ap³t]m«psIm−pt]mIp¶pF¶n§s\  
FÃmhnhc§fpwt^md¯nÂtcJs¸Sp¯nbncn¡p¶p.  kZbw Cu  hnhc§Ähmbn¨p a\Ênem¡phm³  
A`yÀ°n¡p¶p.  Cu hnhc§fnÂimkv{X]camb ]Z§Ä DÅXn\mÂkwib\nhmcW¯n\p {][m\ 
]T\IÀ¯mhnt\mtSmXmsgtcJs¸Sp¯nbncn¡p¶ hyànItfmtSmt^mdwH¸nSp¶Xn\p ap³t]m 
AsÃ¦nÂ Cu ]T\¯nsâImemh[n Xocp¶Xphtctbmkao]n¡mhp¶XmWv.  
 
1. apJy KthjI³ :  tUm.ImÀ¯oi³ 
    c−mwhÀjwt]mÌp{KmPpthäv 
    Un¸mÀ«vsaâvHm^vHmdÂ saUnkn³ &tdUntbmfPn,   
    {ioaqImw_nI C³Ìnäyq«v Hm^vsUâÂ  kb³kv, 
    IpetiJcw þ 629 161. 
   
2.{][m\ amÀ¤ZÀin : tUm.ämäptPmbv. C, Fw.Un.Fkv. 
s{]m^kÀ&slUvHm^v Zn Un¸mÀ«psaâv, 
Un¸mÀ«vsaâvHm^vHmdÂ saUnkn³ &tdUntbmfPn 
{ioaqImw_nI C³Ìnäyq«v Hm^vsUâÂ  kb³kkv, 
IpetiJcw. 
     
 
3.klamÀ¤ ZÀin : tUm.iinInc¬ Fw.Un.Fkv. 
doUÀ 
Un¸mÀ«vsaâvHm^vHmdÂ saUnkn³ &tdUntbmfPn 
{ioaqImw_nI C³Ìnäyq«v Hm^vsUâÂ  kb³kkv, 
IpetiJcw. 
 
4. C³Ìnäyq«v  : {io. aqImw_nI C³Ìnäyq«v Hm^vsUâvÂ kb³kkv 
    ]S\new, IpetiJcw, I\ymIpamcn þ 629 161. 
    Xangv\mSv. 
 
5.  ]Thnjbw 
A®m¡nsetcJ, ssItcJ, Np−nsetcJF¶nhbpsS _Ô§sf¡pdn¨pÅ ]T\w. 
6.  ]Tt\mt±iyw? 
• BZyambn, A®m¡nsetcJbmtWm, Np−nsetcJbmtWm, ssItcJbmtWm A[nIambn 
ImWs¸Sp¶sX¶v t\m¡Ww. 
• ASp¯Xmbn A®m¡nse tcJbpsSbpw ssItcJbptSbpw _Ôw Xncn¨dnbWw. 
 
7.  ]T\s¯¡pdn¨pÅimkv{Xob \ymboIcWw. 
 t^md³knIv DtZymKØÀ¡vIpähmfnItfbpwASbmfw ImWm³ ]äm¯hn[w PoÀWn¨ icocs¯ 
Xncn¨dnbm\pamWv a\pjysâ ASbmfw BhiyapÅXv.  Np−nsetcJsIm−v Poh\pÅ Hcp 
hyànsbXncn¨dnbm\mhp¶p. Np−nsetcJh¨v  t^md³knIv DtZymKØ·mÀ¡v 
IpähmfnIsfIs−¯m\mhpw. CXns\ HcpsXfnhm¡m\pw km[n¡pw.  GhÀ¡pwAndbp¶ 
ssItcJsIm−vkv{Xotbm, ]pcpjt\m F¶vXncn¨dnbmw. PoÀWn¨ icoc¯nse 
ssItcJsIm−vhyànsbXncn¨dnbmw.NnekµÀ`§fnÂ  {]tXyIn¨v  Xncn¨dnbm³ km[n¡m¯ hn[w 
I¯n\in¨tXmPoÀWn¨tXm Bb icoc¯nÂ \n¶vssItcJbpw, Np−nsetcJbpwFSp¡pIFfp¸aÃ.  
A®m¡nsetcJbv¡vamdpwhcp¶nÃ. AXph¨vBsfXncn¨dnbmw.  Cu KthjtWmt±iywssItcJ, 
Np−nsetcJ, A®m¡nsetcJChbpsS ]ckv]c _ÔwXncn¨dnbepw ]pcpjt\m, kv{XotbmF¶v 
a\Ênem¡p¶XpamWv. 2 
 
8.  ]T\ coXn 
(1) Np−nsetcJASbmfs¸Sp¯Â : BhiyapÅhkvXp¡Ä en]vÌnIv,  A4 t]¸À,  sktems^³ tS¸v, 
se³kv, {_jv  en]vÌnIvtX¨vc−p an\nävCcp¯nbtijw sktems^bv³ tS¸ntem«p ]IÀ¯n 
A4 t]¸dntem«vamäpI. t]¸dntem«p ]IÀ¯nbtcJsb se³kv D]tbmKn¨p \nco£n¡pI.  
(2) ssItcJASbmfs¸Sp¯Â, XpssIbnsesNdnbhncenÂajn]pc«nA4 t]¸dnte¡p ]IÀ¯n se³kv 
D]tbmKn¨v \nco£n¡pI.  
 (3) A®m¡nsetcJASbmfs¸Sp¯Â apgph³Z´hpw DÅ BtcmKyapÅHcmsf ]T\¯n\mbn 
XncsªSp¡p¶p. hmb \¶mbnIgpInbn«vBÄPnt\äv D]tbmKn¨vAfshSp¯v Z´Â tÌm¬ 
sIm−vamXrID−m¡nFSp¡pI.  s]³knÂ sIm−vamÀ¡vsNbvXv se³kv sIm−v \nco£n¨vAX  
vGXphn`mK¯nÂDÄs¸SpwF¶v a\knem¡pI.  
 
8. ]T\w aqew ]s¦Sp¡p¶ BÀ¡v D−mIm³ CSbpÅ A]IS km[yX 
• A]IS km[yXIÄhyànsbAdnbn¡pw 
• en]vÌnIvAeÀPnDÅhs\ ]T\¯nÂ \n¶vHgnhm¡pw 
 
9. ]s¦Sp¡p¶hÀ¡pD−mIp¶ KpW§Ä 
 \sÃmcp ]T\¯nÂ ]s¦Sp¯XnÂ \n¶pe`n¡p¶ kwXr]vXntbmsSm¸w t^md³knIv 
DtZymKØÀ¡vIpähmfnIsf Is−¯m³ klmbamhpIbpwsN¿p¶p. 
 
10. hnhc§Äklkyambnkq£n¡ptam AsX 
11. Fs¶ F´psIm−vCu ]T\¯nÂDÄs¸Sp¯nbXv ?  
(a) \n§ÄR§fpsS ]T\¯n\v A\ptbmPyamb LSI§Ä ]men¡p¶ 
amXrI]cambDZmlcWamIp¶p.  
(b) ssItcJ, A®m¡nsâtcJ, Np−nsetcJF¶nhsb¡pdn¨pÅ ]T\w. 
(c) ]T\w bmsXmcphn[¯nepw ]T\ hnt[b\mIp¶ hyànsb _m[n¡p¶nÃ.   
 
12. F{X BfpIÄ Cu ]T\¯nÂDÄs¸Sp¶p.    200 
 
13.  ]T\w aqeap−mIp¶ £X§Ä¡v \ã]cnlmc¯n\pÅ k½Xw? 
]T\ IÀ¯mhvNnInÕmNnehvhln¡p¶XmWv. 
 
14.  GsX¦nepwhn[¯nÂthX\w e`n¡ptam þ CÃ 
 
15.  Ft¸mÄthWsa¦nepw  F\n¡v  Cu ]T\¯nÂ \n¶v  ]n·mdmtam?  
kz´wXmÂ]cy{]Imcw Cu ]T\¯nÂ \n¶vFt¸mÄthWsa¦nepw ]n·mdmhp¶XmWv, 
ImcW§Ä \ÂImsXXs¶ F¶ncp¶mepwKthjWkwLt¯mSv ]n·mdp¶Xn\p ap³]v 
kwkmcn¡phm³ R§Ä  \n§tfmSvA`yÀ°n¡p¶p.  
 
16.  Cu KthjW¯nsâ ^eambn ]pXnb Fs´¦nepw Is−¯epIÄ 
Ds−¦nÂAXvFs¶ Andbn¡ptam ? AsX 
 
17.  Cu ]T\¯nsâkabssZÀLyw F{XbmWv? HcpZnhkw 
18.  CXnsâ `mKambnFs´¦nepwIqSpXÂhnhc§ÄthWtam? th− 
19.  IqSpXÂhnhc§Ä¡mbnXmsg ]dbp¶hsc \n§Ä¡v  _Ôs¸Smhp¶XmWv. 
    tUm.ImÀ¯oi³ 
    c−mwhÀjw t]mÌp{KmPpthäv 
    Un¸mÀ«vsaâvHm^vHmdÂ saUnkn³ &tdUntbmfPn,   
    {ioaqImw_nI C³Ìnäyq«v Hm^vsUâÂ  kb³kv, 
    IpetiJcw þ 629 161. 
    samss_Â \¼À : 
    CþsabnÂsFUn:   
 
 
Øew:            {]Ya At\zjIsâH¸v 
 
XobXn :        ]s¦Sp¡p¶ BfnsâH¸v 
 
CONSENT FORM
PART 2 OF 2 
PARTICIPANTS CONSENT FORM 
 The details of the study have been explained to me in writing and the details 
have been fully explained to me. I am aware that the results of the study may not be 
directly beneficial to me but will help in the advancement or medical sciences. I 
confirm that I have understood the study and had the opportunity to ask questions. I 
understand that my participation in the study is voluntary and that I am free to
withdraw at any time, without giving any reason, without the medical care that will
normally be provided by the hospital being affected. I agree not to restrict the use 
of any data or results that arise from this study provided such a use is only for 
scientific purpose(s). I have been given an information sheet giving details of the 
study. I fully consent to participate in the study titled “Inter canine width and arch 
form as a predictor for rugae pattern and relative correlation of pattern of lip print, 
rugae, and finger print in defined cohort’’ 
Serial no / Reference no:          
Name of the participant: 
Address of the participant: 
Contact number of the participant: 
Signature / thumb impression of the participant / Legal guardian 
Witnesses:       
1. 
2. 
Date: 
Place: 
 
 
 
 
k½X]{Xw 
`mKw þ 2 
 
 Cu ]T\s¯ ]änbpÅFÃmImcy§fpw F\n¡v ]dªv a\Ênem¡nXcnIbpwAXnsâHcp ]IÀ¸v 
F\n¡p \ÂIpIbpwsNbvXn«p−v.  Cu ]T\w KthjW¯n\mbnDÅXmsW¶pw F\n¡vCXnÂ \n¶v  
t\cn«vHcp ^ehpwD−mInsÃ¶pw Rm³ a\Ênem¡p¶p.  Cu ]T\¯nsâcoXnbpwDt±ihpw F\n¡v  
a\Ênem¡nX¶n«p−v.  AXp t]mse  F\n¡vkwib§Ä tNmZn¡m³  Ahkc§Äe`n¨n«pap−v.  CXnÂ 
]s¦Sp¡m\pw  ]s¦Sp¡mXncn¡m\pw  DÅ AhImiw  F\n¡ps−¶pwAXpt]mse  ]T\¯nsâGXp 
L«¯nepwCXnÂ \n¶v ]n³h§m\pÅkzmX{´yhpw F\n¡ps−¶v  Rm³ a\Ênem¡p¶p. Cu ]T\¯nÂ 
]s¦Sp¡p¶XpsImt−m, ]s¦Sp¡m¯XpsImt−mFsâaäpNnInÕIsf _m[n¡p¶XsÃ¶v Rm³  
Andbp¶p.  
A®m¡nsetcJ, ssItcJ, Np−nsetcJF¶nhbpsS _Ô§sf¡pdn¨pÅ ]T\w F¶ 
KthjW¯nÂ ]s¦Sp¡p¶Xn\pw CXnsâ ^e§Äimkv{XteJ\¯nÂ {]kn²oIcn¡p¶Xn\pw F\n¡v 
k½XamsW¶v Rm³ CXn\mÂAndbn¨psImÅp¶p.  
 
 
kocnbÂ \¼À / d^d³kv \¼À : 
]s¦Sp¡p¶ Bfnsâ t]cv : 
taÂhnemkw : 
t^m¬ \¼À :  
               H¸v / hnceSbmfw 
km£n :   
    
Øew : 
XobXn 
DATA SHEET 

Sl. 
No 
AGE SEX 
FINGER PRINT 
PATTERN 
LIP PRINT 
PATTERN 
RUGAE 
PATTERN 
INTERCANINE 
WIDTH 
ARCH 
FORM 
 23yrs F Loop Reticular Straight 29.2 ovoid 
 19yrs F Whorl Branched Curved 26.5 ovoid 
 22yrs F Whorl Type 1 Curved 27.7 ovoid 
 21yrs F Loop Reticular Curved 27.2 ovoid 
 18yrs F Loop Branched Wavy 29.4 ovoid 
 22yrs F Whorl Branched Wavy 25.5 ovoid 
 24yrs F Whorl Undetermined Straight 31.3 ovoid 
	 25yrs F Whorl Reticular Straight 32.3 ovoid 

 21yrs M Whorl Undetermined Wavy 38.5 ovoid 
 22yrs M Whorl Branched Wavy 42.1 ovoid 
 23yrs M Loop Reticular Unification 37.7 ovoid 
 22yrs M Loop Reticular Straight 36.2 ovoid 
 21yrs M Whorl Branched Curved 32.3 ovoid 
 18yrs F Arch Branched Wavy 23.6 ovoid 
 18yrs F Loop Reticular Wavy 24.4 ovoid 
 18yrs F Loop Reticular Straight 28.6 ovoid 
 18yrs F Whorl Reticular Unification 30.2 ovoid 
	 19yrs F Loop Reticular Unification 29.9 ovoid 

 20yrs F Loop Branched Straight 26.6 ovoid 
 19yrs F Loop Type 1 Curved 24.5 ovoid 
 19yrs F Loop Branched Curved 31.1 ovoid 
 22yrs M Whorl Type 1 Straight 32.3 ovoid 
 24yrs M Loop Type 1 Wavy 42.4 ovoid 
 23yrs M Loop Type 1 Wavy 30.5 ovoid 
 18yrs M Loop Type 1 Wavy 36.5 ovoid 
 20yrs F Loop Undetermined Unification 26.6 ovoid 
 25yrs F Whorl Type 1 Unification 22.4 ovoid 
	 19yrs F Loop Branched Wavy 28.9 ovoid 

 20yrs F Loop Reticular Straight 28.8 ovoid 
 18yrs F Whorl Type 1 Straight 26.7 ovoid 
 23yrs F Loop Branched Curved 26.4 ovoid 
 22yrs F Loop Branched Curved 25.7 ovoid 
 23yrs F Arch Reticular Wavy 28.9 ovoid 
 21yrs M Whorl Branched Wavy 42.6 ovoid 
 21yrs M Whorl Branched Straight 43.7 ovoid 
 23yrs M Whorl Reticular Straight 32.5 ovoid 
 22yrs M Whorl Reticular Wavy 34.7 ovoid 
	 23yrs M Loop Type 1 Wavy 31.4 ovoid 

 23yrs M Whorl Type 1 Wavy 29.8 ovoid 
 22yrs M Arch Branched Straight 30.6 ovoid 
 24yrs M Loop Branched Straight 33.3 ovoid 
 21yrs M Loop Reticular Curved 36.4 ovoid 
 23yrs M Whorl Reticular Curved 42.6 ovoid 
 21yrs M Whorl Undetermined Wavy 42.6 ovoid 
 24yrs F Arch Type 1 Wavy 30.1 ovoid 
 18yrs M Arch Branched Unification 34.5 ovoid 
 19yrs F Loop Branched Straight 24.7 ovoid 
	 23yrs M Loop Reticular Curved 38.8 ovoid 

 25yrs M Whorl Reticular Straight 39.7 ovoid 
 22yrs M Arch Branched Wavy 41.1 ovoid 
 19yrs F Loop Branched Wavy 26.6 ovoid 
 20yrs F Loop Reticular Wavy 24.8 ovoid 
 21yrs F Loop Reticular Unification 27.7 ovoid 
 22yrs M Loop Undetermined Wavy 41.7 ovoid 
 20yrs F Whorl Type 1 Wavy 29.7 ovoid 
 19yrs M Arch Branched Circular 34.5 ovoid 
 18yrs F Loop Reticular Circular 32.3 ovoid 
	 21yrs F Loop Branched Straight 24.3 ovoid 

 23yrs M Whorl Type 1 Curved 43.3 ovoid 
 25yrs F Loop Branched Straight 28.5 ovoid 
 24yrs F Loop Undetermined Straight 25.5 ovoid 
 19yrs F Loop Branched Straight 24.7 ovoid 
 20yrs F Loop Reticular Curved 22.5 ovoid 
 23yrs F Whorl Branched Curved 26.6 ovoid 
 24yrs M Loop Reticular Wavy 32.5 ovoid 
 22yrs F Loop Reticular Wavy 27.7 ovoid 
 20yrs F Loop Type 1 Wavy 24.6 ovoid 
	 18yrs M Loop Branched Straight 36.6 ovoid 

 19yrs M Loop Branched Straight 34.6 ovoid 
 20yrs F Whorl Type 1 Wavy 32.1 ovoid 
 22yrs F Loop Branched Wavy 30.3 ovoid 
 24yrs M Whorl Branched Straight 41.1 ovoid 
 25yrs F Loop Branched Straight 25.5 ovoid 
 25yrs M Whorl Type 1 Wavy 43.2 ovoid 
 23yrs F Loop Branched Wavy 26.6 square 
 18yrs M Loop Type 1 Straight 34.4 ovoid 
 24yrs F Loop Type 1 Curved 26.7 ovoid 
	 25yrs F Loop Reticular Curved 25.6 ovoid 

 24yrs M Whorl Branched Wavy 36.7 ovoid 
	 22yrs F Whorl Branched Straight 27.5 ovoid 
	 20yrs F Loop Type 1 Unification 28.3 ovoid 
	 21yrs F Loop Branched Unification 29.5 ovoid 
	 22yrs F Loop Branched Wavy 24.4 ovoid 
	 23yrs M Whorl Branched Curved 38.4 ovoid 
	 24yrs M Loop Reticular Straight 32.1 ovoid 
	 20yrs M Loop Type 1 Straight 38.4 ovoid 
	 19yrs M Loop Branched Curved 40.2 ovoid 
		 19yrs M Whorl Branched Curved 43.5 ovoid 
	
 21yrs M Whorl Branched Straight 38.8 tapered 

 20yrs M Loop Reticular Curved 26.8 ovoid 

 18yrs F Whorl Branched Curved 30.9 ovoid 

 18yrs M Whorl Type 1 Straight 39.2 ovoid 

 20yrs F Loop Branched Straight 29.4 ovoid 

 22yrs M Loop Branched Wavy 35.3 ovoid 

 23yrs M Whorl Branched Wavy 37.5 ovoid 

 23yrs F Whorl Undetermined Wavy 29.1 ovoid 

 24yrs F Whorl Type 1 Wavy 23.3 ovoid 

	 25yrs F Whorl Reticular Straight 25.4 ovoid 


 19yrs M Whorl Undetermined Straight 36.2 ovoid 
 20yrs M Loop Type 1 Wavy 34.1 ovoid 
 20yrs M Loop Reticular Wavy 36.6 ovoid 
 21yrs F Whorl Branched Straight 25.5 ovoid 
 22yrs F Arch Type 1 Straight 25.4 square 
 21yrs M Loop Reticular Curved 37.7 ovoid 
 23yrs M Loop Branched Curved 38.5 ovoid 
 25yrs F Whorl Branched Straight 24.3 ovoid 
 20yrs M Whorl Undetermined Straight 32.1 ovoid 
	 19yrs F Whorl Reticular Wavy 25.3 ovoid 

 23yrs M Loop Reticular Wavy 34.1 ovoid 
 24yrs F Loop Type 1 Wavy 28.4 ovoid 
 22yrs M Loop Branched Unification 35.5 ovoid 
 21yrs F Whorl Reticular Unification 24.2 ovoid 
 24yrs M Arch Reticular Wavy 36.6 ovoid 
 19yrs M Whorl Undetermined Wavy 34.5 ovoid 
 19yrs M Loop Reticular Wavy 39.7 ovoid 
 21yrs F Loop Reticular Wavy 28.3 ovoid 
 23yrs M Loop Branched Curve 42.3 ovoid 
	 19yrs F Whorl Type 1 Straight 24.5 ovoid 

 18yrs M Whorl Undetermined Curved 43.4 ovoid 
 21yrs F Loop Reticular Wavy 24.6 ovoid 
 23yrs M Loop Branched Wavy 39.5 ovoid 
 24yrs F Whorl Type 1 Straight 29.8 ovoid 
 22yrs M Whorl Reticular Straight 36.6 ovoid 
 23yrs M Whorl Branched Wavy 39.9 ovoid 
 24yrs F Loop Undetermined Wavy 27.7 ovoid 
 25yrs M Loop Type 1 Straight 34.6 ovoid 
 19yrs M Arch Reticular Wavy 35.7 ovoid 
	 18yrs F Arch reticular Wavy 23.6 ovoid 

 18yrs M Whorl Branched Curve 35.7 ovoid 
 21yrs F Loop Reticular Curve 26.4 ovoid 
 20yrs F Loop Branched Straight 29.1 ovoid 
 23yrs F Whorl Reticular Curve 25.3 ovoid 
 23yrs F Arch Reticular Straight 23.5 ovoid 
 20yrs M Loop Branched Wavy 42.3 ovoid 
 22yrs M Loop Undetermined Wavy 42.1 ovoid 
 18yrs F Loop Branched Wavy 24.5 ovoid 
 19yrs F Loop Branched Straight 23.6 ovoid 
	 20yrs M Whorl Undetermined Straight 43.3 tapered 

 20yrs F Whorl Branched Wavy 23.6 ovoid 
 21yrs M Whorl Branched Wavy 26.3 ovoid 
 23yrs M Loop Type 1’ Wavy 36.7 ovoid 
 24yrs F Loop Reticular Straight 27.6 ovoid 
 23yrs F Whorl Reticular Wavy 25.6 ovoid 
 22yrs M Whorl Reticular Wavy 34.6 ovoid 
 18yrs M Whorl Reticular Wavy 33.7 ovoid 
 19yrs F Loop Branched Straight 26.2 ovoid 
 20yrs F Loop branched Straight 27.3 ovoid 
	 20yrs M Loop Reticular Straight 37.7 ovoid 

 21yrs F Whorl Reticular Wavy 24.6 ovoid 
 23yrs M Arch Branched Wavy 37.4 ovoid 
 24yrs F Loop Branched Straight 28.1 ovoid 
 22yrs F Whorl Reticular Straight 23.5 ovoid 
 22yrs M Loop Branched Wavy 41.1 ovoid 
 21yrs F Loop Reticular Wavy 26.6 ovoid 
 23yrs F Whorl Reticular Straight 27.4 ovoid 
 24yrs M Arch Type 1 Wavy 42.1 ovoid 
 19yrs M Loop Reticular Wavy 41.1 ovoid 
	 18yrs F Arch Branched Straight 26.6 ovoid 

 18yrs F Whorl Reticular Straight 28.5 ovoid 
 18yrs M Loop Branched Curve 38.8 ovoid 
 19yrs F Loop Reticular Curve 27.7 ovoid 
 20yrs F Arch Branched Straight 26.5 square 
 22yrs M Loop Reticular Straight 35.5 ovoid 
 23yrs F Loop Branched Wavy 24.6 ovoid 
 22yrs M Loop Type 1’ Wavy 42.1 ovoid 
 21yrs F Whorl Reticular Straight 26.7 ovoid 
 22yrs F Loop Reticular Straight 24.5 ovoid 
	 23yrs F Loop Undetermined Wavy 28.7 ovoid 

 24yrs F Whorl Type 1 Wavy 27.6 ovoid 
 22yrs F Whorl Reticular Straight 25.6 ovoid 
 21yrs F Whorl Branched Straight 25.7 ovoid 
 20yrs F Loop Branched Wavy 28.7 ovoid 
 19yrs F Loop Branched Wavy 26.7 ovoid 
 18yrs M Loop Reticular Curve 32.1 ovoid 
 18yrs F Whorl Reticular Curve 27.5 ovoid 
 18yrs M Loop Type 1’ Straight 34.5 ovoid 
 19yrs F Whorl Undetermined Straight 27.5 ovoid 
	 20yrs F Loop Branched Curve 26.6 ovoid 

 23yrs M Whorl Branched Straight 32.1 ovoid 
	 24yrs F Loop Reticular Straight 30.2 ovoid 
	 22yrs F Arch Reticular Wavy 26.5 Ovoid 
	 23yrs M Loop Branched Straight 42.3 Ovoid 
	 19yrs F Loop Type 1 Wavy 24.5 Ovoid 
	 19yrs F Whorl Reticular Wavy 28.5 Ovoid 
	 18yrs M Whorl Reticular Wavy 41.1 Square 
	 18yrs F Whorl Reticular Straight 34.2 Ovoid 
	 20yrs M Loop Branched Straight 42.1 Ovoid 
		 22yrs F Loop Branched Curved 24.4 Tapered 
	
 21yrs M Arch Undetermined Curved 43.3 Tapered 

 23yrs F Loop Type 1’ Straight 23.5 Ovoid 

 25yrs M Loop Branched Straight 43.2 Ovoid 

 25yrs M Loop Reticular Curved 42.1 Square 

 24yrs F Whorl Reticular Wavy 25.5 Ovoid 

 23yrs M Whorl Reticular Wavy 41.3 Ovoid 

 19yrs F Loop Branched Straight 25.5 Ovoid 

 23yrs F Whorl Branched Wavy 27.5 Ovoid 

 22yrs M Whorl Reticular Straight 35.6 Ovoid 

	 21yrs M Loop Reticular Straight 36.8 Square 


 23yrs F Whorl Type 1 Wavy 24.2 Ovoid 
 24yrs M Loop Branched Wavy 34.5 Square 
 25yrs M Loop Reticular Wavy 32.1 Square 
 21yrs F Arch Reticular Straight 25.5 Ovoid 
 22yrs M Loop Undetermined Straight 41.2 Ovoid 
 20yrs M Loop Reticular Wavy 37.7 Ovoid 
 25yrs F Whorl Type 1 Wavy 29.8 Ovoid 
 24yrs M Whorl Branched straight 42.4 Ovoid 
 24yrs F Whorl Branched Wavy 29.7 Ovoid 
	 22yrs F Loop Reticular Wavy 24.6 Ovoid 

 21yrs M Loop Reticular Straight 34.6 Ovoid 
 21yrs F Loop Reticular Straight 30.7 Square 
 23yrs M Whorl Branched Curved 42.5 Ovoid 
 21yrs F Whorl Type 1’ Unification 28.6 Ovoid 
 23yrs M Loop Reticular Straight 41.9 Ovoid 
 24yrs F Loop Branched Curved 25.7 Square 
 22yrs M Loop Undetermined Curved 43.2 Ovoid 
 21yrs F Whorl Type 1 Straight 26.8 Ovoid 
 19yrs F Loop Branched Wavy 24.6 Square 
	 19yrs M Whorl Reticular Curved 37.7 Ovoid 

 18yrs F Whorl Reticular Straight 25.6 Ovoid 
 18yrs M Arch Branched Straight 43.2 Ovoid 
 22yrs F Loop Branched Unification 27.5 Ovoid 
 20yrs M Whorl Reticular Curved 35.6 Ovoid 
 21yrs F Whorl Branched Straight 24.6 Ovoid 
 22yrs M Whorl Reticular Straight 37.8 Ovoid 
 23yrs M Whorl Reticular Curved 34.2 Square 
 24yrs F Loop Type 1’ Straight 28.1 Ovoid 
 23yrs M Whorl Reticular Wavy 38.8 Ovoid 
	 22yrs F Loop Branched Wavy 25.6 Ovoid 

 21yrs F Loop Branched Straight 27.2 Ovoid 
 23yrs M Loop Undetermined Curved 35.3 Square 
 21yrs F Whorl Branched Curved 25.3 Ovoid 
 23yrs M Loop Reticular Curved 33.5 Ovoid 
 22yrs F Loop Reticular Straight 23.3 Ovoid 
 19yrs F Loop Branched Straight 24.6 Square 
 18yrs M Loop Branched Straight 34.7 Ovoid 
 18yrs F Whorl Reticular Straight 27.5 Ovoid 
 20yrs M Whorl Reticular Curved 36.2 Tapered 
	 23yrs M Whorl Undetermined Curved 34.4 Ovoid 

 24yrs F Loop Branched Straight 25.7 Tapered 
 22yrs F Whorl Type 1 Wavy 26.3 Ovoid 
 21yrs M Whorl Reticular Wavy 35.4 Ovoid 
 23yrs M Whorl Branched Wavy 37.5 Ovoid 
 25yrs F Loop Reticular Straight 25.3 Ovoid 
 25yrs M Loop Branched Straight 34.5 Tapered 
 24yrs M Loop Branched Wavy 35.8 Ovoid 
 23yrs M Arch Reticular Wavy 42.1 Ovoid 
 22yrs M Loop Reticular Curved 40.2 Ovoid 
	 20yrs F Arch Branched Curved 24.3 Tapered 

 19yrs M Loop Branched Straight 34.8 Tapered 
 19yrs F Loop Reticular Straight 28.1 Ovoid 
 18yrs M Whorl Reticular Curved 32.1 Ovoid 
 19yrs F Loop Type 1 Curved 23.4 Tapered 
 19yrs M Loop Branched Straight 35.4 Ovoid 
 20yrs M Whorl Branched Wavy 32.5 Ovoid 
 20yrs F Whorl Undetermined Wavy 23.4 Ovoid 
 22yrs M Loop Reticular Wavy 34.5 Ovoid 
 21yrs M Loop Reticular Curved 32.7 Ovoid 
	 23yrs M Whorl Branched Unification 34.7 Ovoid 

 22yrs F Loop Branched Wavy 23.1 Ovoid 
 23yrs M Loop Reticular Wavy 36.7 Ovoid 
 24yrs M Loop Reticular Wavy 37.2 Ovoid 
 24yrs F Arch Type 1 Straight 24.4 Ovoid 
 25yrs M Whorl Branched Straight 32.3 Ovoid 
 22yrs M Loop Reticular Straight 36.4 Tapered 
 21yrs F Loop Reticular Wavy 23.1 Ovoid 
 23yrs M Whorl Branched Wavy 42.1 Ovoid 
 20yrs F Loop Undetermined Wavy 23.1 Ovoid 
	 22yrs F Loop Type 1 Straight 24.5 Square 

 18yrs M Loop Branched Curved 41.1 Ovoid 
 19yrs F Whorl Branched Curved 23.6 Ovoid 
 19yrs F Whorl Reticular Curved 27.5 Ovoid 
 18yrs M Loop Reticular Straight 35.6 Ovoid 
 18yrs F Whorl Reticular Straight 27.7 Ovoid 
 18yrs M Whorl Branched Straight 34.7 Ovoid 
 19yrs F Whorl Branched Curved 24.2 Ovoid 
 20yrs F Loop Undetermined Curved 25.8 Ovoid 
 23yrs M Loop Type 1 Straight 34.2 Ovoid 
	 23yrs F Whorl Reticular Straight 25.3 Square 

 24yrs M Whorl Reticular Curved 34.5 Ovoid 
	 25yrs F Loop Reticular Curved 24.2 Ovoid 
	 23yrs M Whorl Branched Curved 32.4 Square 
	 22yrs F Loop Branched Unification 23.4 Tapered 
	 21yrs M Whorl Reticular Wavy 41.4 Ovoid 
	 21yrs F Loop Reticular Wavy 24.8 Ovoid 
	 23yrs M Loop Type 1 Straight 35.4 Ovoid 
	 24yrs M Loop Undetermined Wavy 36.8 Ovoid 
	 25yrs F Whorl Branched Wavy 24.7 Tapered 
		 25yrs F Loop Branched Straight 26.3 Ovoid 
	
 19yrs M Whorl Reticular Straight 35.2 Ovoid 

 18yrs M Loop Reticular Wavy 34.2 Ovoid 

 19yrs M Loop Type 1 Straight 39.5 Ovoid 

 20yrs F Arch Reticular Wavy 26.4 Ovoid 

 21yrs M Arch Undetermined Wavy 36.3 Ovoid 

 23yrs M Loop Reticular Curved 37.4 Ovoid 

 22yrs F Loop Reticular Straight 24.5 Ovoid 

 22yrs M Whorl Type 1 Curved 40.2 Ovoid 

 21yrs F Whorl Undetermined Straight 24.3 Ovoid 

	 23yrs M Whorl Reticular Curved 40.1 Tapered 


 24yrs F Loop Reticular Curved 24.3 Tapered 
 21yrs M Whorl Reticular Unification 41.4 Ovoid 
 23yrs F Loop Reticular Wavy 23.5 Ovoid 
 24yrs M Loop Branched Wavy 36.7 Ovoid 
 19yrs F Whorl Type 1 Straight 25.7 Ovoid 
 18yrs F Whorl Branched Straight 28.7 Ovoid 
 20yrs M Whorl Reticular Wavy 42.1 Ovoid 
 22yrs M Loop Reticular Wavy 38.8 Ovoid 
 21yrs F Loop Branched Straight 24.6 Ovoid 
	 23yrs F Loop Branched Straight 23.3 Ovoid 

 24yrs M Whorl Reticular Wavy 35.4 Ovoid 
 21yrs M Arch Branched Curved 37.5 Ovoid 
 22yrs F Whorl Reticular Curved 23.5 Ovoid 
 21yrs F Whorl Branched Unification 26.5 Ovoid 
 20yrs M Whorl Undetermined Curved 34.6 Ovoid 
 20yrs F Whorl Branched Curved 26.2 Square 
 19yrs M Whorl Type 1 Curved 37.7 Ovoid 
 18yrs F Whorl Reticular Straight 23.4 Ovoid 
 18yrs M Loop Reticular Straight 37.4 Ovoid 
	 20yrs F Loop Reticular Curved 24.3 Square 

 22yrs M Loop Branched Curved 36.6 Tapered 
 21yrs M Loop Branched Curved 36.4 Ovoid 
 21yrs M Whorl Branched Straight 37.4 Ovoid 
 23yrs M Whorl Undetermined Curved 33.3 Ovoid 
 23yrs F Whorl Reticular Curved 24.2 Ovoid 
 24yrs M Whorl Reticular Unification 34.7 Tapered 
 25yrs F Loop Reticular Straight 27.4 Tapered 
 19yrs M Loop Branched Straight 26.4 Ovoid 
 19yrs F Loop Type 1 Straight 33.1 Ovoid 
	 20yrs M Arch Branched Wavy 41.2 Ovoid 

 22yrs F Loop Reticular Wavy 24.7 Ovoid 
 21yrs M Loop Reticular Wavy 38.3 Ovoid 
 23yrs M Whorl Branched Straight 42.1 Ovoid 
 25yrs F Arch Undetermined Wavy 25.2 Tapered 
 25yrs M Loop Branched Straight 36.7 Square 
 24yrs F Loop Branched Wavy 25.7 Ovoid 
 23yrs M Loop Undetermined Curved 39.5 Ovoid 
 23yrs M Loop Branched Curved 42.3 Ovoid 
 22yrs M Whorl Branched Straight 41.2 Ovoid 
	 22yrs F Whorl Reticular Straight 24.2 Tapered 

 21yrs F Loop Type 1 Curved 25.6 Tapered 
 20yrs M Whorl Reticular Straight 34.5 Ovoid 
 20yrs F Loop Reticular Curved 24.3 Tapered 
 20yrs M Whorl Reticular Curved 37.4 Square 
 19yrs F Loop Branched Wavy 25.3 Ovoid 
 18yrs M Whorl Branched Wavy 37.3 Ovoid 
 23yrs M Loop Reticular Straight 36.3 Ovoid 
 24yrs M Whorl Reticular Wavy 35.4 Ovoid 
 18yrs F Loop Type 1 Wavy 27.4 Ovoid 
	 19yrs F Whorl Branched Straight 26.2 Ovoid 

 21yrs M Loop Reticular Circular 37.7 Ovoid 
 23yrs M Whorl Branched Circular 35.6 Ovoid 
 24yrs F Loop Branched Straight 24.5 Ovoid 
 25yrs F Loop Branched Wavy 25.7 Ovoid 
 23yrs M Loop Reticular Wavy 34.5 Square 
 22yrs F Loop Reticular Straight 26.5 Ovoid 
 25yrs M Whorl Reticular Straight 36.5 Ovoid 
 22yrs M Whorl Branched Wavy 33.8 Ovoid 
 23yrs M Loop Branched Wavy 32.6 Ovoid 
	 23yrs M Arch Reticular Straight 34.2 Ovoid 

 23yrs F Loop Reticular Straight 24.5 Ovoid 
 22yrs M Loop Reticular Wavy 35.4 Ovoid 
 21yrs M Whorl Type 1 Wavy 35.7 Tapered 
 21yrs F Whorl Branched Straight 25.5 Tapered 
 21yrs M Loop Branched Wavy 37.7 Ovoid 
 19yrs M Whorl Type 1 Straight 35.5 Ovoid 
 19yrs M Loop Reticular Wavy 32.5 Ovoid 
 21yrs F Whorl Reticular Wavy 24.3 Ovoid 
 23yrs M Loop Branched Curved 34.5 Tapered 
	 21yrs M Whorl Branched Curved 35.7 Ovoid 

 21yrs M Loop Type 1 Curved 37.8 Ovoid 
 10yrs M Loop Reticular Unification 38.2 Ovoid 
 19yrs M Loop Branched Wavy 37.4 Square 
 19yrs F Loop Undetermined Wavy 24.5 Ovoid 
 18yrs F Whorl Type 1 Wavy 26.6 Ovoid 
 18yrs M Whorl Branched Wavy 37.4 Ovoid 
 22yrs M Whorl Branched Straight 34.6 Ovoid 
 22yrs M Whorl reticular Straight 35.3 Ovoid 
 23yrs F Loop Branched Wavy 28.4 Ovoid 
	 24yrs M Arch Reticular Wavy 36.4 Ovoid 

 24yrs M Arch Branched Straight 37.4 Ovoid 
	 25yrs M Loop Reticular straight 34.5 Ovoid 
	 21yrs F Loop Branched Wavy 27.5 Square 
	 21yrs F Whorl Reticular Wavy 24.8 Ovoid 
	 20yrs M Arch Reticular Straight 42.3 Ovoid 
	 18yrs F Loop Branched Wavy 24.5 Tapered 
	 19yrs F Whorl Branched Wavy 24.6 Tapered 
	 23yrs F Whorl Reticular Straight 23.5 Ovoid 
	 24yrs F Whorl Reticular Straight 24.5 Ovoid 
		 25yrs M Loop Reticular Curved 41.2 Ovoid 
	
 21yrs F Loop Type 1 Curved 26.5 Ovoid 

 23yrs F Loop Branched Straight 29.2 Square 

 21yrs F Whorl Branched Wavy 24.6 Ovoid 

 20yrs F Arch Reticular Wavy 26.5 Ovoid 

 20yrs F Whorl Reticular Straight 23.6 Ovoid 

 21yrs M Arch Reticular Wavy 43.2 Ovoid 

 23yrs F Whorl Branched Wavy 29.4 Tapered 

 21yrs F Whorl Branched Straight 27.5 Tapered 

 23yrs F Arch Branched Straight 26.7 Ovoid 

	 19yrs F Loop Type 1 Curved 24.5 Ovoid 


 19yrs M Loop Reticular Curved 39.5 Tapered 
 18yrs F Whorl Reticular Unification 29.4 Ovoid 
 18yrs M Whorl Undetermined Curved 35.5 Ovoid 
 19yrs F Loop Reticular Straight 24.4 Ovoid 
 20yrs M Loop Reticular Straight 32.5 Ovoid 
 23yrs M Loop Reticular Curved 35.6 Ovoid 
 22yrs M Whorl Type 1 Wavy 34.6 Tapered 
 25yrs F Whorl Branched Wavy 23.6 Ovoid 
 21yrs M Arch Reticular Straight 34.5 Ovoid 
	 24yrs F Loop Branched Wavy 26.8 Square 

 23yrs M Loop Branched Wavy 34.8 Ovoid 
 21yrs M Whorl Type 1 Straight 37.7 Ovoid 
 23yrs M Whorl Branched Curved 42.1 Ovoid 
 21yrs F Loop Reticular Curved 25.2 Ovoid 
 20yrs M Whorl Branched Straight 41.6 Ovoid 
 18yrs M Whorl Reticular Curved 41.8 Tapered 
 19yrs F Arch Branched Curved 24.9 Ovoid 
 21yrs F Arch Reticular Straight 25.4 Ovoid 
 22yrs M Whorl Type 1 Wavy 35.8 Ovoid 
	 23yrs F Whorl Reticular Wavy 23.4 Ovoid 

 24yrs M Arch Reticular Wavy 35.2 Tapered 
 21yrs F Arch Branched Wavy 24.5 Ovoid 
 22yrs M Loop Branched Straight 32.5 Ovoid 
 18yrs F Loop Type 1 Straight 24.7 Ovoid 
 19yrs M Loop Reticular Curved 35.2 Ovoid 
 23yrs F Loop Reticular Curved 23.5 Ovoid 
 21yrs M Loop Branched Curved 32.4 Ovoid 
 24yrs F Loop Branched Straight 23.5 Ovoid 
 25yrs M Arch Type 1 Wavy 36.6 Square 
	 19yrs F Whorl Reticular Wavy 24.6 Ovoid 

 18yrs M Whorl Reticular Wavy 34.7 Ovoid 
 21yrs M Loop Branched Straight 36.7 Ovoid 
 20yrs M Loop Branched Wavy 36.5 Square 
 23yrs M Whorl Undetermined Wavy 37.7 Ovoid 
 21yrs F Loop Branched Curved 24.5 Ovoid 
 18yrs F Loop Reticular Curved 25.7 Ovoid 
 18yrs M Arch Reticular Curved 29.9 Ovoid 
 19yrs F Loop Branched Curved 23.5 Ovoid 
 20yrs M Loop Reticular Unification 32.5 Ovoid 
	 21yrs M Arch Type 1 Straight 37.6 Tapered 

 22yrs F Whorl Reticular Wavy 24.4 Ovoid 
 20yrs M Arch Reticular Wavy 34.7 Ovoid 
 18yrs M Loop Branched Straight 35.3 Ovoid 
 19yrs F Loop Type 1 Straight 26.7 Tapered 
 21yrs F Loop Reticular Wavy 23.6 Ovoid 
 22yrs M Whorl Branched Wavy 34.6 Ovoid 
 23yrs F Whorl Reticular Curved 26.4 Ovoid 
 23yrs M Loop Reticular Curved 32.6 Ovoid 
 21yrs F Loop Type 1 Wavy 24.7 Ovoid 
	 20yrs M Whorl Branched Curved 35.5 Ovoid 

 18yrs M Loop Branched Curved 37.5 Ovoid 
 19yrs F Arch Undetermined wavy 23.6 Ovoid 
 23yrs M Loop Reticular Wavy 34.7 Ovoid 
 22yrs F Whorl Reticular Unification 25.6 Ovoid 
 20yrs M Whorl Branched Straight 32.5 Tapered 
 20yrs M Loop Type 1 Straight 36.8 Ovoid 
 18yrs F Loop Branched Curved 23.6 Ovoid 
 18yrs M Loop Reticular Wavy 32.4 Ovoid 
 20yrs M Loop Reticular Wavy 36.6 Ovoid 
	 19yrs F Whorl Reticular Wavy 23.6 Ovoid 

 21yrs M Loop Branched Wavy 32.6 Ovoid 
 22yrs M Loop Reticular Curved 42.1 Ovoid 
 23yrs M Arch Type 1 Straight 40.1 Tapered 
 21yrs F Arch Branched Straight 22.4 Ovoid 
 18yrs F Whorl Reticular Curved 23.2 Ovoid 
 19yrs M Arch Reticular Straight 35.5 Ovoid 
 20yrs M Arch Branched Wavy 36.5 Ovoid 
 20yrs F Loop Type 1 wavy 27.4 Ovoid 
 21yrs M Loop Reticular Straight 34.5 Ovoid 
	 21yrs F Loop Reticular Curved 23.5 Ovoid 

 22yrs M Arch Branched Curved 42.1 Ovoid 
 22yrs F Arch Branched Curved 32.9 Ovoid 
 23yrs M Whorl Reticular Curved 34.8 Tapered 
 23yrs M Whorl Undetermined Straight 36.9 Ovoid 
 24yrs M Arch Branched Straight 35.6 Ovoid 
 22yrs F Arch Reticular Straight 26.8 Ovoid 
 21yrs M Loop Reticular Curved 36.7 Ovoid 
 20yrs F Loop Branched Curved 25.8 Ovoid 
 18yrs M Loop Reticular Curved 34.9 Ovoid 
	 18yrs M Loop Type 1 Unification 36.6 Ovoid 

 19yrs F Whorl Reticular Straight 24.7 Square 
	 19yrs M Whorl Branched Straight 36.8 Ovoid 
	 21yrs M Arch Type 1 Curved 35.7 Ovoid 
	 21yrs F Loop Reticular Wavy 25.8 Ovoid 
	 22yrs M Loop Branched Wavy 42.1 Ovoid 
	 24yrs F Loop Branched Wavy 23.8 Ovoid 
	 25yrs F Arch Reticular Straight 25.7 Ovoid 
	 25yrs F Loop Reticular Wavy 27.8 Ovoid 
	 24yrs F Whorl Branched Wavy 28.9 Tapered 
		 23yrs M Whorl Reticular Straight 24.8 Ovoid 
	
 22yrs F Loop Branched Straight 26.8 Ovoid 

 21yrs F Loop Reticular Curved 26.9 Tapered 

 21yrs F Whorl Type 1 Curved 26.6 Ovoid 

 20yrs M Whorl Reticular Straight 23.5 Ovoid 

 18yrs F Loop Branched Curved 25.2 Ovoid 

 18yrs F Loop Reticular Straight 26.6 Tapered 

 18yrs F Whorl Undetermined Wavy 25.6 Ovoid 

 19yrs F Whorl Reticular Wavy 27.8 Ovoid 

 22yrs M Loop Branched Curved 27.7 Tapered 

	 22yrs F Loop Reticular Wavy 24.6 Ovoid 


 24yrs F Whorl Branched Wavy 26.8 Ovoid 
 25yrs F Loop Reticular Wavy 28.8 Ovoid 
 21yrs M Loop Undetermined Straight 35.7 Square 
 22yrs F Arch Reticular Wavy 24.6 Ovoid 
 23yrs M loop Reticular wavy 34.7 Ovoid 
 21yrs M Loop Reticular Wavy 36.4 ovoid 
 23yrs M Loop Type 1 Wavy 35.9 ovoid 
 18yrs M Loop Branched Wavy 38.2 ovoid 
 24yrs M Whorl Reticular Wavy 40 ovoid 
	 26yrs M Loop Reticular Straight 39.3 ovoid 

 19yrs F Whorl Undetermined Curve 30.2 ovoid 
 27yrs F Whorl Branched Curve 33.6 ovoid 
 20yrs F Loop Reticular Wavy 32.9 ovoid 
 21yrs M Loop Reticular Straight 37.4 ovoid 
 23yrs F Loop Reticular Straight 34.1 tapered 
 27yrs F Loop Branched Wavy 32.3 ovoid 
 22yrs F Loop Type 1 Wavy 31.7 ovoid 
 23yrs M Arch Branched Curve 37.3 ovoid 
 21yrs M Whorl Branched Wavy 38.2 ovoid 
	 19yrs M Loop Reticular Wavy 36.9 ovoid 

 19yrs M Whorl Branched Curve 36.5 ovoid 
 19yrs F Whorl Reticular Straight 34.2 square 
 18yrs F Whorl Reticular Wavy 29.7 ovoid 
 18yrs F Loop Reticular Wavy 31.8 ovoid 
 21yrs F Arch Type 1 Wavy 30.3 ovoid 
 24yrs F Whorl Branched Wavy 32.6 ovoid 
 23yrs M Loop Reticular Wavy 38.3 ovoid 
 21yrs M Loop Type 1 Wavy 39.2 ovoid 
 21yrs M Whorl Reticular Curved 37.5 ovoid 
	 21yrs M Loop Branched Curved 35.8 ovoid 

 22yrs M Loop Branched Wavy 38.9 tapered 
 18yrs M Whorl Reticular Straight 35.8 ovoid 
 18yrs F Loop Reticular Curved 32.7 ovoid 
 21yrs F Loop Type 1 Curved 28.9 ovoid 
 21yrs M Whorl Undetermined Straight 36.1 ovoid 
 22yrs F Arch Reticular Wavy 32.8 ovoid 
 22yrs F Whorl Reticular Wavy 30.3 ovoid 
 22yrs F Whorl Reticular Wavy 30.7 ovoid 
 24yrs M Whorl Reticular Curved 37.7 ovoid 
	 24yrs M Loop Reticular Wavy 39.1 ovoid 

 25yrs M Loop Reticular Straight 38.3 tapered 
 25yrs F Loop Branched Curved 36.2 ovoid 
 21yrs F Loop Branched Unification 33.1 ovoid 
 21yrs F Loop Branched Wavy 28.4 ovoid 
 20yrs F Arch Type 1 Wavy 29.7 ovoid 
 21yrs F Whorl Type 1 Wavy 32.5 ovoid 
 23yrs M Whorl Branched Wavy 37.2 ovoid 
 23yrs M Loop Reticular Curved 36.9 ovoid 
 21yrs M Whorl Type 1 Curved 35.4 ovoid 
	 24yrs M Whorl Reticular Curved 37.1 ovoid 

 24yrs M Loop Reticular Straight 37.4 ovoid 
 18yrs F Arch Type 1 Straight 33.5 ovoid 
 18yrs F Loop Type 1 Unification 29.4 tapered 
 18yrs M Loop Reticular Straight 38.3 ovoid 
 19yrs F Loop Branched Curved 30.7 ovoid 
 18yrs F Loop Branched Wavy 31 ovoid 
 19yrs M Whorl Reticular Wavy 38.6 ovoid 
 21yrs M Loop Type 1 Curved 40 ovoid 
 20yrs M Whorl Reticular Wavy 37.4 ovoid 
	 20yrs M Whorl Reticular Wavy 38 ovoid 

 23yrs F Whorl Type 1 Curved 30.3 ovoid 
 25yrs F Whorl Type 1 Curved 33 ovoid 
 25yrs F Loop Type 1 Straight 29.5 ovoid 
 27yrs F Loop Type 1 Wavy 28.3 ovoid 
 20yrs M Loop Reticular Curved 37 ovoid 
 20yrs M Loop Reticular Wavy 36.8 ovoid 
 20yrs M Arch Branched Curved 37.2 square 
 26yrs M Loop Type 1 Curved 38.1 ovoid 
 25yrs F Loop Type 1 Curved 30.2 ovoid 
	 21yrs F Whorl Reticular Wavy 33 ovoid 

 23yrs M Whorl Reticular Wavy 41 ovoid 
 21yrs M Whorl Branched Wavy 38.4 ovoid 
 19yrs F Loop Type 1 Straight 31.5 ovoid 
 19yrs M Loop Type 1’ Straight 35.7 ovoid 
 19yrs F Loop Reticular Curved 30.4 ovoid 
 18yrs F Whorl Branched Curved 28 ovoid 
 20yrs F Loop Branched Curved 31.7 ovoid 
 24ys F Whorl Type 1’ Wavy 33 ovoid 
 23yrs M Whorl Type 1 Wavy 39.3 ovoid 
	 23yrs M Loop Reticular Wavy 38.4 ovoid 

 21yrs M Loop Branched Wavy 38.6 ovoid 
	 23yrs F Arch Reticular Wavy 32 ovoid 
	 18yrs F Whorl Branched Wavy 31.4 ovoid 
	 21yrs F Whorl Type 1’ Straight 34.1 ovoid 
	 23yrs F Loop Type 1 Wavy 28.7 tapered 
	 25yrs M Loop Type 1’ Curved 37 ovoid 
	 24yrs M Loop Reticular Curved 36.4 ovoid 
	 26yrs M Loop Branched Curved 40.3 ovoid 
	 26ys M Whorl Type 1 Wavy 38.2 ovoid 
		 23yrs M Whorl Reticular Curved 36.5 ovoid 
	
 25yrs M Whorl Branched Wavy 37.4 ovoid 

 21yrs M Loop Type 1 Wavy 37 ovoid 

 19yrs M Whorl Type 1’ Wavy 38.3 ovoid 

 23yrs M Whorl Branched Wavy 37.2 ovoid 

 18yrs M Loop Type 1’ Curved 36 ovoid 

 26yrs M Loop Reticular Wavy 35.8 ovoid 

 25yrs M Loop Type 1 Wavy 39 ovoid 

 18yrs F Arch Type 1 Straight 29 ovoid 

 18yrs F Loop Type 1 Straight 28.3 ovoid 

	 18yrs F Loop Reticular Straight 27 tapered 


 18yrs F Whorl Reticular Curved 30 ovoid 
 18yrs M Loop Branched Wavy 40.3 ovoid 
 18yrs M Loop Branched Curved 36 ovoid 
 23yrs M Loop Reticular Wavy 35.7 tapered 
 23yrs M Loop Reticular Wavy 37.6 ovoid 
 23yrs F Arch Reticular Wavy 29.4 ovoid 
 21yrs F Whorl Reticular Wavy 32 ovoid 
 22yrs F Whorl Type 1 Straight 30.9 ovoid 
 21yrs F Loop Reticular Wavy 31.2 ovoid 
	 19yrs F Loop Branched Curved 28.4 ovoid 

 23yrs F Whorl Branched Curved 29.3 ovoid 
 24yrs F Whorl Type 1 Straight 27.7 ovoid 
 25yrs F Loop Reticular Wavy 32.3 ovoid 
 21yrs F Whorl Reticular Wavy 31.6 ovoid 
 22yrs M Loop Branched Curved 38 ovoid 
 21yrs M Loop Branched Curved 37.9 ovoid 
 20yrs M Loop Branched Curved 36.1 ovoid 
 20yrs M Loop Type 1 Wavy 37.4 ovoid 
 19yrs F Whorl Branched Curved 30 ovoid 
	 19yrs F Whorl Reticular Wavy 34.2 ovoid 

 19yrs M Whorl Reticular Wavy 40 square 
 22yrs M Whorl Reticular Wavy 38.6 ovoid 
 21yrs M Arch Reticular Wavy 39.0 ovoid 
 21yrs F Loop Type 1 Straight 28.6 ovoid 
 23yrs F Loop Type 1’ Curved 30.1 ovoid 
 23yrs F Whorl Branched Curved 29.3 ovoid 
 23yrs M Loop Type 1 Straight 40.7 ovoid 
 25yrs M Whorl Type 1 Straight 37.8 ovoid 
 23yrs M Whorl Branched Curved 33.9 ovoid 
	 23yrs M Loop Type 1 Straight 37.2 ovoid 

 21yrs F Loop Reticular Wavy 32.1 ovoid 
 21yrs F Loop Reticular Wavy 31.7 ovoid 
 22yrs M Loop Reticular Wavy 37.3 ovoid 
 18yrs M Loop Reticular Wavy 38.0 ovoid 
 18yrs F Loop Branched Curved 30.6 ovoid 
 18yrs F Loop Type 1 Straight 28.7 ovoid 
 20yrs F Whorl Type 1 Straight 26.5 tapered 
 20yrs F Whorl Branched Curved 29.1 ovoid 
 20yrs M Loop Branched Curved 38.7 ovoid 
	 23yrs F Loop Branched Curved 27 ovoid 

 24yrs M Whorl Reticular Wavy 34 ovoid 
 21yrs F Whorl Reticular Wavy 26.1 ovoid 
 19yrs M Loop Reticular Wavy 38.1 ovoid 
 19yrs M Whorl Branched Curved 37.2 ovoid 
 18yrs M Arch Branched Curved 35.3 ovoid 
 25yrs M Whorl Branched Curved 38.6 ovoid 
 21yrs M Whorl Reticular Wavy 34.9 ovoid 
 21yrs F Loop Reticular Wavy 25.7 ovoid 
 21yrs F Loop Type 1 Straight 30.2 ovoid 
	 24yrs M Whorl Type 1 Straight 31.6 tapered 

 24yrs F Loop Reticular Wavy 32 ovoid 
 24yrs F Whorl Reticular Wavy 31.0 ovoid 
 20yrs M Whorl Reticular Wavy 40.2 ovoid 
 21yrs M Loop Reticular Wavy 37.2 ovoid 
 18yrs M Loop Type 1 Straight 36.2 ovoid 
 22yrs M Loop Type 1 Curved 38.1 ovoid 
 22yrs F Loop Reticular Wavy 28.3 ovoid 
 20yrs F Loop Reticular Wavy 26.1 ovoid 
 25yrs F Loop Reticular Wavy 24.9 ovoid 
	 23yrs M Whorl Reticular Wavy 34.0 ovoid 

 21yrs M Whorl Type 1’ Unification 33.7 ovoid 
 21yrs M Loop Branched Curved 37.4 ovoid 
 21yrs M Loop Branched Curved 39.7 tapered 
 19yrs F Loop Branched Curved 27.0 ovoid 
 19yrs F Whorl Type 1 Straight 31.3 ovoid 
 19yrs F Loop Type 1 Wavy 33.1 ovoid 
 23yrs F Loop Branched Curved 27.6 ovoid 
 24yrs M Arch Branched Curved 35.3 ovoid 
 21yrs M Whorl Reticular Wavy 39.0 ovoid 
	 22yrs M Whorl Type 1 Straight 39.2 ovoid 

 22yrs M Whorl Type 1 Straight 38.2 ovoid 
 21yrs F Loop Branched Curved 29.0 ovoid 
 20yrs F Loop Branched Curved 32.6 ovoid 
 20yrs F Whorl Reticular Wavy 31.6 ovoid 
 20yrs F Whorl Reticular Wavy 36.3 ovoid 
 20yrs F Loop Reticular Wavy 33.0 square 
 20yrs F Loop Reticular Wavy 27.4 ovoid 
 18yrs F Loop Reticular Wavy 26.9 ovoid 
 26yrs F Loop Type 1 Straight 30.5 ovoid 
	 23yrs F Loop Branched Curved 31.6 ovoid 

 24yrs F Whorl Branched Curved 33.0 ovoid 
	 21yrs M Whorl Branched Curved 39.0 ovoid 
	 21yrs M Whorl Type 1 Straight 38.4 ovoid 
	 23yrs F Arch Branched Curved 29.5 ovoid 
	 21yrs F Loop Type 1 Straight 31.3 ovoid 
	 19yrs F Whorl Type 1 Straight 32.4 ovoid 
	 19yrs M Whorl Type 1 Straight 40.1 ovoid 
	 19yrs F Loop Reticular Wavy 31.9 ovoid 
	 18yrs M Loop Branched Curved 39.4 ovoid 
		 22yrs M Whorl Branched Curved 37.4 ovoid 
	
 23yrs M Whorl Reticular Wavy 35.4 ovoid 

 23yrs M Whorl Reticular Wavy 33.9 ovoid 

 23yrs M Loop Reticular Wavy 36.8 ovoid 

 23yrs F Loop Reticular Wavy 31.0 ovoid 

 21yrs F Arch Branched Curved 29.7 ovoid 

 18yrs M Whorl Reticular Wavy 40.3 tapered 

 18yrs F Whorl Branched Curved 31.4 ovoid 

 18yrs F Loop Type 1 Straight 33.0 ovoid 

 20yrs M Loop Branched Curved 38.4 ovoid 

	 25yrs F Loop Branched Curved 33.5 ovoid 


 23yrs F Loop Reticular Wavy 29.0 ovoid 
 21yrs M Loop Reticular Wavy 37.9 ovoid 
 23yrs M Whorl Type 1 Straight 36.7 ovoid 
 24yrs F Whorl Reticular Wavy 29.4 ovoid 
 21yrs M Loop Branched Curved 35.9 ovoid 
 22yrs M Whorl Type 1’ Unification 37.3 ovoid 
 20yrs F Loop Branched Curved 34.2 ovoid 
 22yrs F Loop Branched Curved 33.1 ovoid 
 23yrs F Whorl Reticular Wavy 32.7 ovoid 
	 21yrs M Whorl Reticular Wavy 38.5 ovoid 

 21yrs F Arch Reticular Wavy 31.9 ovoid 
 21yrs M Whorl Reticular Wavy 39.3 ovoid 
 21yrs M Whorl Type 1 Straight 34.6 ovoid 
 25yrs F Loop Reticular Wavy 28.7 tapered 
 18yrs F Loop Branched Curved 33.2 ovoid 
 18yrs M Loop Branched Curved 34.7 ovoid 
 19yrs M Loop Reticular Wavy 36.5 ovoid 
 21yrs M Loop Reticular Wavy 37.0 ovoid 
 19yrs M Whorl Reticular Wavy 40.0 ovoid 
	 19yrs M Loop Branched Wavy 35.3 ovoid 

 18yrs M Loop Type 1 Straight 38.1 tapered 
 18yrs M Whorl Branched Curved 38.4 ovoid 
 19yrs F Whorl Branched Curved 31.8 ovoid 
 20yrs F Whorl Branched Curved 33.5 ovoid 
 21yrs F Loop Reticular Wavy 30.0 ovoid 
 22yrs F Loop Reticular Wavy 31.9 ovoid 
 21yrs M Loop Reticular Wavy 32.7 ovoid 
 26yrs M Loop Type 1 Straight 29.3 square 
 24yrs F Whorl Branched Curved 28.7 ovoid 
	 23yrs F Whorl Reticular Wavy 31.4 ovoid 

 20yrs F Loop Branched Curved 32.9 ovoid 
 25yrs F Arch Branched Curved 27.9 ovoid 
 21yrs M Loop Branched Curved 36.8 ovoid 
 22yrs M Loop Branched Curved 36.4 ovoid 
 22yrs M Loop Type 1 Straight 39.2 ovoid 
 24yrs M Whorl Type 1 Straight 41.2 ovoid 
 21yrs F Whorl Reticular Wavy 33.4 ovoid 
 21yrs F Whorl Type 1 Straight 31.5 ovoid 
 21yrs M Loop Reticular Wavy 32.4 ovoid 
	 18yrs M Loop Reticular Wavy 32.7 ovoid 

 18yrs F Whorl Reticular Wavy 29.0 ovoid 
 18yrs F Arch Reticular Curve 28.7 ovoid 
 19yrs M Loop Type 1’ Unification 37.1 ovoid 
 23yrs M Loop Type 1 Straight 35.3 ovoid 
 23yrs F Whorl Branched Curved 30.2 ovoid 
 22yrs F Whorl Branched Curved 28.4 ovoid 
 22yrs F Loop Reticular Wavy 30.6 ovoid 
 22yrs F Loop Reticular Wavy 34.2 ovoid 
 21yrs F Loop Branched Curved 33.0 ovoid 
	 25yrs M Whorl Reticular Wavy 39.3 tapered 

 24yrs M Whorl Reticular Wavy 40.2 ovoid 
 23yrs M Loop Branched Curved 37.6 ovoid 
 23yrs M Whorl Type 1 Straight 39.7 ovoid 
 23yrs M Loop Type 1 Straight 37.4 ovoid 
 21yrs M Loop Branched Curved 33.6 ovoid 
 22yrs F Arch Branched Curved 31.6 ovoid 
 24yrs F Arch Reticular Wavy 33.5 ovoid 
 21yrs M Whorl Curved Curved 38.1 ovoid 
 21yrs F Loop Type 1 Straight 29.5 ovoid 
	 24yrs F Loop Type 1 Straight 30.2 ovoid 

 24yrs M Whorl Type 1’ Unification 39.1 ovoid 
 18yrs F Loop Type 1 Straight 28.0 ovoid 
 18yrs M Whorl Branched Curved 35.1 ovoid 
 18yrs F Whorl Reticular Wavy 31.8 tapered 
 19yrs M Loop Reticular Wavy 38.0 ovoid 
 18yrs F Loop Reticular Wavy 33.2 ovoid 
 19yrs F Loop Type 1 Straight 28.7 ovoid 
 25yrs M Loop Type 1 Straight 33.9 ovoid 
 24yrs F Loop Branched Curved 33.0 ovoid 
	 23yrs M Loop Reticular Wavy 37.4 ovoid 

 20yrs M Whorl Branched Curved 29.6 ovoid 
 20yrs M Loop Branched Curved 36.4 ovoid 
 20yrs F Loop Reticular Wavy 30.1 ovoid 
 20yrs F Whorl Wavy Wavy 29.0 ovoid 
 21yrs F Whorl Branched Curved 31.5 ovoid 
 21yrs F Whorl Reticular Wavy 30.9 ovoid 
 18yrs M Loop Branched Curved 39.0 ovoid 
 22yrs M Loop Branched Curved 36.3 ovoid 
 23yrs M Arch Reticular Wavy 37.9 ovoid 
	 22yrs F Whorl Reticular Wavy 30.7 ovoid 

 21yrs F Whorl Reticular Wavy 33.0 ovoid 
	 21yrs M Arch Type 1 Wavy 40.3 ovoid 
	 21yrs M Loop Branched Curved 38.5 tapered 
	 21yrs F Loop Reticular Wavy 32.0 ovoid 
	 24yrs F Loop Type 1 Straight 29.7 ovoid 
	 25yrs M Whorl Reticular Wavy 35.8 square 
	 25yrs M Loop Reticular Wavy 42.3 ovoid 
	 24yrs F Loop Reticular Wavy 34.1 ovoid 
	 25yrs F Whorl Branched Curved 33.2 ovoid 
		 21yrs F Loop Branched Curved 35.1 ovoid 
	
 19yrs M Loop Type 1 Straight 32.4 ovoid 

 19yrs M Whorl Reticular Wavy 37.9 ovoid 

 18yrs M Whorl Reticular Wavy 35.8 ovoid 

 19yrs M Whorl Reticular Wavy 37.3 ovoid 

 20yrs F Arch Branched Curved 30.0 ovoid 

 22yrs M Loop Branched Curved 38.2 tapered 

 22yrs F Loop Reticular Wavy 33.0 ovoid 

 22yrs M Loop Reticular Wavy 39.0 ovoid 

 23yrs F Loop Type 1 Wavy 31.4 ovoid 

	 23yrs M Whorl Reticular Branched 37.0 ovoid 


 21yrs M Loop Reticular Wavy 36.9 Ovoid 
	 26yrs M Arch Type 1 Wavy 40.3 ovoid 

